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Supersonic Civil Airplane Study and Design:
Performance and Sonic Boom

Samson Cheung

This final report summarizes the work performed from July 1989 to
Jan, 1995. The work is supported by NASA Co-operative Agree-
ment NCC2-617. This report consists of four parts. The first part is
the introduction of the research effort. The second part describes
the work and results from July 1989 to June 1993. The third part
describes the work and results from July 1993 to January 1995. A
summary is given at the end of this report.

1 INTRODUCTION

The present supersonic civil airplane, the Concorde, is a technological break-through in
aviation history. However, it is an economical disaster for two main reasons. The first is
her low aerodynamic performance, that allows only 100 passengers to be carried for a
short-range flight with expansive airfare. Another reason is that the shock waves, gener-
ated at supersonic cruise, coalesce and form a classical N-wave on the ground, forming a
double bang noise termed sonic boom, which is environmentally unacceptable. To
enhance the U.S. market share in supersonic civil transport, an airframer’s market risk for
a low-boom airplane has to be reduced.

Since aircraft configuration plays an important role on aerodynamic performance and
sonic boom shape, the configuration of the next generation supersonic civil transport has
to be tailored to meet high aerodynamic performance and low sonic boom requirements.
Computational fluid dynamics (CFD) can used to design airplanes to meet these dual
objectives. The work and results in this report are used to support NASA’s High Speed
Research Program (HSRP). ‘

In this five years of study and research, CFD tools and techniques have been developed for
general usages of sonic boom propagation study and aerodynamic design. In the beginning
of the 90’s, sonic boom extrapolation technique was still relied on the linear theory devel-
oped in the 60’s for the nonlinear techniques were computationally expensive. A fast and
accurate sonic boom extrapolation methodology (Section 3.2), solving the Euler equations
for axisymmetric flow, has brought the sonic boom extrapolation technique up to the 90’s
standard. )

Parallel to the research effort on sonic boom extrapolation, CFD flow solvers have been
coupled with a numeric optimization tool to form a design package for aircraft configura-
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tion. This CFD optimization package has been applied to configuration design on a low-
boom concept (Section 2.3) and an Oblique All-Wing concept (Section 2.4) prior to the
wind-tunnel models are built and tested at Ames. The tunnel test results have validated the
CFD technique and design tools.

Moving to the world of parallel computing, the aerospace industry needs a numeric opti-
mization tool suitable for parallel computers. A nonlinear unconstrained optimizer for Par-
allel Virtual Machine has been developed for aerodynamic design and study. Study in
Section 3.3 demonstrates the capability of this optimizer on aerodynamic design.

2 PREVIOUS WORK/RESULTS

The work and results described in this section was begun in July 1989. The first project

was touse CFD tools and existing linear theory to predict waveform signatures at some

distances from flight vehicles. The aim of this study was to demonstrate and develop the
technique of sonic boom prediction by CFD. The next step was to apply this developed

technique to low-boom configurations.

The second project, which was the continuation of the first one, was to develop a CFD
optimization package for design process on meeting the dual objectives of high aerody-
namic performance and low sonic boom loudness. This optimization package was applied
to three different High Speed Civil Transport (HSCT) baseline conﬁgmanons and a
generic body of revolution,

A wind-tunnel model (Ames Model 3) was built based on one of the modified HSCT base-
line configuration. This model was tested in June 1993. The test results were used to vali-
date the design method. Publication of the result was limited due to the sensitive nature of
the project.

A counterpart of the conventional HSCT concept was the Oblique All-Wing (OAW) con-

cept. CFD computational supports, as well as optimization calculations, were provided to

the OAW design team consisting personnels from NASA Ames Research Center, industry,
and university. The aim of the project was to design a realistic configuration for wind-tun-
nel test. The model was built and tested at Ames in June 1994,

2.1 Sonic Boom Prediction Technique

In the early stage of sonic boom prediction activity, two major things were involved. The
very first thing was to identity the capability of CFD in sonic boom prediction. The second
thing was to apply these CFD tools to predict sonic boom signals of varies configurations
after necessary code modification, grid refinement study, and comparison with supersonic
linear theory.
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2.1.1 Method Validation

A three-dimensional parabolized Navier-Stokes code, UPS3D,1 developed at Ames was
used as the flow-solver. It is a space-marching code with finite-volume approach. The near
field solution of a simple wing/body configuration was calculated by UPS3D, and the
overpressure signal at some desired distances were obtained either by the axisymmetric
optlon of UPS3D or a quasi-linear extrapolation code based on Whitham'’s F-function the-
ory?. Later I realized that using Lighthill integral® to calculate the F-function for non-axi-
symmetric aircraft was more accurate, I wrote a Fortran code, LHF, for sonic boom
prediction based on Lighthill integral. This code is available from Ames Software Library.
A copy of LHF is attached in Appendix A. The figure below is a brief summary of the
sonic boom extrapolation process.

CFD Calculation

SONIC BOOM PREDICTION PROCESS

mawladon : Soniec Boom at Cround Level
F-function Theory T

A series of studies on grid refinement, including solution adaptive grid, and on sensitivity
of initial distance of extrapolation were conducted. It was found that viscous calculation
was unnecessary for sonic boom prediction. However, the grid must be sufficiently fine in
the regions of shock and expansion waves. In order to capture all the nonlinear effects in a
three-dimensional flow, the near-field overpressure should be captured at about one span
length below the flight track before extrapolatmg to the far field. The detail results were
published in AIAA Journal of Aircraft* and NASA Technical note®.

In summary, the tools for sonic boom prediction had been identify and validated in the
above study. The combination of CFD and Whitham’s method gave a relative efficient
tools for sonic boom prediction. Nevertheless, the CFD codes was still computationally
expensive for design optimization runs.
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2.1.2 Boom Prediction for Low-Boom Configurations

With the experience on grid refinement study and the extrapolation procedure, the predic-
tion tools were being used to predict the sonic boom of two low-boom configurations
designed by Boeing aircraft company and Langley research center.

Each of the two configurations consisted of two separated parts, namely, the wing and the
fuselage. The wing was defined by data in spanwise cuts, whereas the fuselage was
defined by data in streamwise cuts. In order to create a single wing-fuselage surface gird
for UPS3D code, a grid generator (SAMGRID) was written to defined the wing in stream-
wise cuts and aggregated the wing to the fuselage. Computation results of the two config-
urations are shown below.

Langley’s Mach 2 Configuration Boeing’s Low-Boom Configuration

The sonic boom signals calculated from the CFD prediction tools were compared to the
wind-tunnel data of the Langley’s configuration. The computational results of the Boe-
ing’s configuration was used to validate the linear design method used by Boeing.

2.2 Supersonic Airplane Design

The need for simultaneous sonic boom and aerodynamic optimization was highlighted
when it became clear that designed to a strict sonic boom constraint suffered an unaccept-
able performance penalty. Therefore, low-boom design studies must carefully balance the
trade-off between sonic boom loudness and aerodynamic performance. A CFD optimiza-
tion package was developed to demonstrate the methodology for the optimization of
supersonic airplane designs to meet the dual objectives of low sonic boom and high aero-
dynamic performance.

In this project, an optimizer with linear and nonlinear constraints was first identified, and
then an efficient CFD flow solver was chosen. This CFD code had to be sufficiently fast
because more than 90% of the computational time were used in CFD calculations. Before
this optimization was used to design low-boom wind-tunnel model (Section 2.3), it was
tested and exercised by improving aerodynamic performance of a low-boom wing/body
configuration and a body of revolution.
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2.2.1 CFD Optimization Package

Several computational tools interconnect in the optimization procedure are listed below:
* UPS3D: 3-D parabolized Navier-Stokes code; inviscid calculation only (Ref. 1)

* NPSOL: numerical optimization code’; a sequential quadratic programming algorithm
in which the search direction is the solution of a quadratic programming subproblem

* HYPGEN: hyperbolic grid generator7; a sufficiently fast and robust to operate within
an automated optimization environment.

* LHF: sonic boom extrapolation code (Appendix A); a routine based on Whitham's F-
function and the equal-area rule®

* SAMGRID: wing/body surface grid generator (Appendix B); a sufficiently fast and
robust to operate within an automated optimization environment

* DB: sonic boom loudness calculation; a code gives perceived loudness (PLdB) of the
sonic boom can be determined by Stevens’ Mark VII method® which involves Fast
Fourier Transform on the energy spectrum of the sonic boom

This CFD optimization package is robust and efficient on Cray-YMP. The application of
this package will be described in the following sections.

2.2.2 Aerodynamic and Sonic Boom Optimization

The optimization design package was exercised using a recently-developed low-boom
wing-body configuration, Boeing 1080-991 (also called Haglund model), designed by
George Haglund. This optimization technique was applied separately to the two objectives
of high aerodynamic performance and low sonic-boom loudness.

For aerodynamic enhancement, control points are set on the cambers of the wing, with the
thickness kept fixed. The left figure below shows the differences on a inboard airfoil sec-
tion of the original and the modified. The polar plot shows the improvement of L/D of the
modified configuration over the original by 3.8%. The right figure below shows that the
modified wing had less wave drag than the original one at the leading edge. This means

Aerodynamic Optimization of HSCT Wing Camber al Mach 1.7

Pressure Difference Belween
The Original and Opfimized Configurations

Flow solver : Space marching Euler
(UPS3D)

Opfimizer : Sequencial quadratfic
programming (NPSOL)

3.8% improvement in L/D

P 4
Angie of Atfack (degrees)
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that the leading thrust is improved by the optimization process. The whole process takes
about 4 CPU hours on Cray-YMP.

For sonic boom improvement, F-function was employed as an entity to define the equiva-
lent area distribution and sonic boom shape. The original Haglund model was supposed to
give a flat-top pressure waveform at the ground. However, calculations showed that the
waveform had an intermediate shock followed right after the bow shock; whereas the flat-
top waveform would have no intermediate shock. The design code redistributed the equiv-
alent area of the fuselage (without changing the wings), and re-captured the flat-top char-
acteristic of the pressure waveform. The figure below compares the sonic boom signatures
among the original, optimized, and target flat-top. Due to the sensitive nature of the con-

.....
Y

Original Design !
----- Modified Design AN
------- Target Design *

0.0 0.1 0.2
Tine (sec.)

figuration, the change of the configuration will not be shown here. The details of this opti-
mization methodology and results were considered as sensitive materials and were
presented in the 2nd Annual Sonic Boom Workshop.10

2.2.3 Drag Minimization on Haack-Adams Body
The purpose of this study was threefold:

to search for a design method to minimize the drag of a supersonic projectile
to demonstrate the capability of the CFD optimization package described above

* to search for computational grid density effect on optimization performance

The baseline configuration chosen for this study was called Haack-Adams bodyu, a body
of revolution with a pointed nose and a base of finite area. This body was thought to be the
minimum-drag body under the slender body theory. Wind-tunnel data were available for
CFD validation. The method of optimization made use of the Fourier Sine expansion,
which had three main advantages over the traditional techniques based on shape functions
and control points:

* The volume of the body was fixed without putting external constraints. External con-
straints cost more computational time. For some cases, fixed volume is not feasible.

Global minimum was search.

* Number of design variables was substantially reduced.

PREVIOUS WORK/RESULTS February 14, 1995 6
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The figure below summaries the result of this study. The nose of the body was trimmed to

Variation of Wave Drag Coeflicient

Mach No. = 3.96 RTINS
0.061 LWpa =T .....o.‘ o
:;: - .". ..l.l"'.l-lll.lllIlI.'.-..
0.04 . ..-' : Original C, OR‘G‘NAL PAGE
§ Moctes COLOR PHOTOGRAPH
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reduce the wave drag. Since the total volume was constrained, volume was added near the
end of body. Total wave drag reduction was by 6%. The results were presented in a AIAA
meeting12 and published in Journal of Aircraft Vol. 32, No. 1, Jan/Feb. 1995.

2.3 Low-Boom Wind-Tunnel Configuration (Ames Model 3)

Efforts were made to design a new wing/body/nacelle configuration, which had a lower
sonic boom relative to the baseline, 1080-911 from Boeing Company, of low boom HSCT
concept. The CFD optimization package described in Section 2.2.1 were employed to
modify this baseline configuration. The result of the optimization was used to build a
wind-tunnel model, Ames Model 3, tested at Ames 9°x7’ wind tunnel in June 1993. Due to
the sensitive nature of the configuration, no planform shapes will be shown here. How-
ever, the left and right figures below show the computational grid and the optimization
result, respectively. The plot at the lower right-hand comer of the right figure shows the

NASA Ames Wind-Tunnel = L

— Soeings 911
nds . 1988

—— Ames’s Model3
A =912

%

ff“{\\\\'\\\- e R :
TR '
IR :

L ) .7
Tieme (soc )

sonic booms of the baseline and Model 3 respectively. The baseline configuration has a
loudness level about 100 PLdB; whereas Model 3 has about 92 PLdB. The results of this
research were presented in the 3rd Annual Sonic Boom Workshop.13

PREVIOUS WORK/RESULTS February 14, 1995 7






2.4 Oblique-All Wing (OAW) Computation and Design

Oblique ﬁying-wing14 is an alternative supersonic aircraft concept. Ames, Boeing, Dou-
glas, and Stanford University joined and formed a design team in 1992 to investigate the
feasibility of OAW for commercial use. The study included aerodynamic performance,
stability, structure, landing gear, airplane exits, and airport regulations. The design team
decided to build a wind-tunnel model for wind-tunnel testing in June 1994. My job was to
provide Navier-Stokes CFD supports and, if possible, optimization results. The figure
below shows some of the wings that were analyzed since the beginning of this study.

OAW Design History

| F-8 Wing ‘ OAW-0 I OAW-1 | OAW-r10 'AW2
7/93 92 11/93 p¥; ] L -

Time line

The flow solver being used was Overflow code, a 3-D Navier-Stokes code using the diag-
onal with ARC3D algorithm'°. One of the most challenging works of this project was to

reduce the separation on the left wing (trailing wing). The separation on the upper surface
of the wing and the corresponding vortices are shown in the left side of the figure below. It

OAW-0O OAW-0 (beading)
" g
I R

B =
“g Hé!l,.n
; ’H‘

|

il lll “ il
i 1
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e

[R5 YRR
b
QRS
S

Tl |
l | |

)
i ,lh

Hellclty

-1.5 -3 08 20

was found that bending of the wing could abate the separation, as well as improve the lift-
to-drag ratio. The right side of the figure shows a weaker separation pattern on the ended
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wing. Due to the sensitive nature of this study, the results can only be presented in the
weekly group meetings at Ames and a controlled distributed NASA Contractor Report.

3 CURRENT WORK/RESULTS

Currently, research effort was concentrated on one theme that is sharpening the tools for
HSCT design. Three research topics are focused: near-field CFD calculation and sonic
boom softening of Boeing Reference-H, improvement of sonic boom extrapolation, and
aerodynamic design on parallel computer.

In order to study and design a real complex aircraft, a relatively fast CFD technique has to
be developed for optimization environment. Coupling a fast space-marching code and a
time iterative code with overset gird concept can take the advantage of marching code at
the fuselage/wing region and solve the complex flow field near the wing/nacelle region at
the same time.

A very efficient wave propagation code for mid-field sonic boom prediction has been
developed based on the method of characteristics. This code solves the Euler equations for
1.2 minutes on Cray-YMP; whereas, the axisymmetric CFD method described in Section
2.1.1 takes 40 minutes on the same computer.

Number crunching problems, like CFD calculations, on parallel machines can be effi-
ciently done in today’s computing environment. This may lead to the future of aerody-
namic research and design. In order to exercise HSCT design on parallel computers, a
nonlinear optimization routine has been developed for a network based parallel computer
system in which a cluster of engineering workstations serves as a virtual parallel machine.

3.1 Senic Boom and Performance Study of Reference-H

Research effort on low-boom configuration concept has been invested for the past four
years. A new proposed route structure for HSCT’s incorporating supersonic corridors over
land and water has relaxed the sonic boom constraint somewhat. The objective of this
study is twofold. First is to exercise the methodology of combining two different CFD
codes to solve the near-field solution of a realistic HSCT configuration in an efficient and
accurate manner. Second is to reduce the sonic boom loudness of a performance configu-
ration concept, Reference-H, without jeopardizing the aerodynamic performance. The
basic components of Reference-H are a fuselage, a pair of swept wings, and four nacelles.

3.1.1 Reference-H Near-Field Study

The CFD codes used in this study are the UPS3D code and the OVERFLOW code. Both
CFD codes has been described in Section 2.1.1 and 2.4, respectively. The former is an effi-
cient space-marching code. However, it fails in the region where subsonic pocket exists;
especially in the region of the wing/nacelle integration. The latter is a time-iterative code
with Chimera overset grid concept, which makes the code more viable in solving the

CURRENT WORK/RESULTS February 14, 1995 9






region of wing/nacelle integration. In this study, only inviscid flow is considered. Figure
below summarizes the result of the CFD calculations.

Reference-H
UPS/OVERFLOW interface

0.20 094 167 240 3.14

Mach24
a = 4.5 degrees

The near-field solution is studied for the case of Mach number 2.4 and angle of attack 4.5
degrees. Wind-tunnel data of the Reference-H validate the CFD method. Study shows that
flow particles turn significantly over the outer nacelle compared with the inner nacelle. It
indicates that the effect of the nacelle orientation might improve the aerodynamic perfor-
mance.

3.1.2 Sonic Boom Softening

The sonic boom of the Reference-H configuration is also obtained. The calculation shows
that the boom is an N-wave of 104 PLdB with 2.5 psf. bow shock on the ground. Details of
the sonic boom prediction technique can be found in Ref. 10. Boom modification for per-
formance aircraft is very much different from the low-boom aircraft for cruise Mach num-
ber and lift are higher. Therefore, the technique developed previously can not be strictly
applied to Reference-H. However, changing the equivalent area can be helpful. The result
of this study was presented in the 4th Sonic Boom Workshop.r’ Another approach to

reduce the boom is by experimenting the sweep angle. The figure above show one of the
exercises done on the Ref-H. This exercise successfully shows Boeing how much boom
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reduction can be achieved by redistributing the lift. An closer on-going technology com-
munication with airframe industry is needed in order to achieve the goal of sonic boom
softening on performance aircraft. A team consisting myself and other personnels from
Boeing and NASA Langley has been formed to achieve the goal.

3.2 Sonic Boom Mid-Field Extrapolation (WPSYM)

In the beginning of 90’s, sonic boom extrapolation technique was still relied on the linear
theory developed in the 60’s for the nonlinear techniques were computationally expensive.
Today, a fast and accurate sonic boom extrapolation methodology is needed to bring the
sonic boom extrapolation technique up to the 90’s standard for HSCT design. The objec-
tive of this study is to develop an efficient and accurate higher-order computational
method, solving the Euler equations, for supersonic aero-acoustic wave propagation.

An axisymmetric wave propagation code (WPSYM) has been developed for mid-field
sonic boom extrapolation. This propagation code has been demonstrated as an efficient
and accurate tool over the previous CFD method, described in Section 2.1.1 and Ref. 4, on
a generic wing-body configuration. The figure below shows that a 3-D near-field solution

Near-field Solution

Sonic Boom A Viscous 3-0 Parabolized
= e —Stokes
Propagation "o (UPSID Cade - 20 min)

Generic Delta-Wing Body .
~ |/ Extrapolated Solutions

Inviscld Axdsymmetric
PNS (UPS3D code ~ 40 min)

or

02 T ™~ Wave Propagation Isemtroplc
Adsymmetric Euler Code
01 E {(WPSYM ~ 1.2 min)

-.01 1 SonicBoomatHAL = 3.1 HL =31
L Data
-.02 1 PNS Extrapolation ! Mach = 2.7
----- WPSYM BExtrapeiation q
-.03 . : : :
0.0 05 1.0 1.5 2.0

AXA

is obtained from UPS3D code; the result is then interfaced to two axisymmetric sonic
boom extrapolation codes, namely, the axisymmetric version of UPS3D and the recent
wave propagation code (WPSYM). The former takes 40 minutes on Cray-YMP, and the
latter takes 1.2 minutes on the same machine. The x-y plot in the figure compares the
numerical extrapolation results to wind-tunnel data. The result has been shown in NASA
Technical Highlight and the methodology has been 6presented in the 4th Annual Sonic
Boom Workshop at NASA Langley in June 1994.!

CURRENT WORK/RESULTS February 14, 1995 1



Wi

1 e il

Tl

-



ORIGINAL PAGE
3.3 Optimizer on PVM (IIOWA) COLOR PHOTOGRAPH

Moving to the world of parallel computing, the aerospace industry needs a numeric opti-
mization tool in the parallel environment. One of the promising parallel computing con-
cept is the network-based distributed computing. The Parallel Virtual Machine (PVM) is a
software package that allows a heterogeneous network of parallel and serial computers to
appear as a single concurrent computational resource. PVM allows users to link up engi-
neering workstations to work as a single distributed-memory (parallel) machine. Merritt
Smith and I wrote a manual on PVM for beginning users. A copy of the manual is attached
in Appendix C.

A parallel optimizer based on nonlinear Quasi-Newton method has been developed and
coupled with an efficient CFD code for basic aerodynamic design and study. This opti-
mizer is called TOWA (parallel Optimizer With Aerodynamics). The figure below is a
demonstration of TOWA. A Boeing arrow wing/body configuration is chosen in this

U-Velocity Boeing
Arrow Wing/Body
T i ~  Angle of Attack 0

Optimized

Convergence History
2.0
1 , 51 ____________________
10 ——  Original Fuselage
081/ Optimized Fuselage
0.§ 0 20 30 a0 s 60 0 olteratlogs a 6

study. The fuselage radius is changed so that the wave drag is minimized. The parallel
CFD optimization process takes 24 wall-clock hours on 4 SGI workstations to reduce the
wave drag by 6.5%. The optimized result is a “coke bottle” shape fuselage, as expected by
supersonic area rule. The convergence history of the optimization process is also shown in
the figure. The optimizer is also coupled with a parallel CFD code, MEDUSA, to perform
viscous 2-D multizone airfoil optimization supported by overset grid concept. The results
will be presented at NASA CAS conference in March 1995.

3.4 Oblique All-Wing (OAW): CFD support

The OAW design team has asked for CFD support on the latest configuration OAW-3 from
which a wind-tunnel model has been built and tested at Ames in June 1994. The figure
below shows the chimera grid topology on the OAW-3 with fin. The design team want to
compare the CFD result with the result from pressure sensitive paint (PSP). Therefore,

CURRENT WORK/RESULTS February 14, 1995 12
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CFD calculations have to be done prior to the wind-tunnel test because color map from
CFD result is need for PSP calibration.

4 SUMMARY

The computational tools for sonic boom prediction, aerodynamic calculation, and configu-
ration design of the current HSCT concept have been validated and applied to build wind-
tunnel model for further testing and validation. The techniques developed in this five-year
research and their applications, such as sonic boom prediction technique (Section 2.1),
design of Ames Model 3 (Section 2.3) by CFD optimization (Section 2.2), and sonic boom
softening for performance configuration (Section 3.1), have clearly shown support to the
HSRP as it moved to its phase two period.

An accurate sonic boom extrapolation tool has always been an issue. It is because the flow
phenomena in the atmosphere are nonlinear, but the common technique for extrapolation
is linear acoustic theory developed in the 60’s. On the other hand, CFD technique is too
computationally expensive. Recently, a fast and accurate sonic boom extrapolation meth-
odology (Section 3.2), solving the Euler equations for axisymmetric flow, has brought the
sonic boom extrapolation technique up to the 90’s standard.

Parallel computing is a fast growing subject in the field of computer science because of the
promising speed in number crunching computations. A new optimizer (Section 3.3) for
parallel computing concept has been developed and tested for aerodynamic drag minimi-
zation. This optimimizer is also coupled with a parallel CFD code so the whole optimiza-
tion process is parallel. This is a promising method for CFD optimization making use of
the computational resources of workstations, which unlike supercomputers spend most of
their time idle.

Finally, the OAW concept is so attractive because of its overall performance in theory. In
order to fully understand the concept, a wind-tunnel model is built. CFD Navier-Stokes
calculations helps to identify the problem of the flow separation (Section 2.4), and also
help to design the wing deflection for roll trim and alleviating the flow separation.

SUMMARY February 14, 1995 13
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Appendix A

LHF (Fortran Listing)

Appendix A

July 15, 1994






SOURCE PROCRAM

LHF.f

SOURCE TEXT

DATE

7/14/94

PACE #

TIME

5:00:11 pm

D O ~E 0>

ISR O

0 .000a0ANDAARAANDOONAANNANAARANNA0AANANRN O

BA0AARNOO0AdRANG00

PROGRAM LHF

‘_This pr g m_ a
1) ‘the L ghthill ?~

S~"a} ioput data "

an

aaan o

100
110

( ’ [ I ’ ). 2t
REAL R(NMAX), S{NMAX}, SP(NMAX), TAU(NNAXI ), HAU(HHAX')
COMMON/PAR/ FMACH,PFAC
LOGICAL WBDY

WBDY = .FALSE

e input parameters
ST /PARM/ FMACH,PFAC, RO,
READ( ), PARA)
WRITE (& ,PARA)

.6) TEE

CALL WBODY(JDIN,S, 'mn o
WBDY = [YRUK. B
CALL com:(anm,s XYY

" CALL WING{JDIN,S,TAU) .
CALL SEARS (JDIN, &, *AL
CALL hULLET(JDIH,$.Tm”
'€oTO 2

ENDIF

Read in the given area distribution™
IF(INAREA.EQ.0) THEN
OPEN(UNIT=2, FILE-'lreu in')
DO 50 J=1,NMAX
READ(2,*,END=75) TAU(J},S(J)
S(J) = S{J)*PFAC
CONTINUE
CONTINUE
CLOSE(2)
JDIM = J-1
OPEN (UNIT=2, ¥
DO B0 w1, IDIM [
HRI‘IE(L*) ‘!'Av(J),S(:r)

Read in the F-function 6r define a F~functlion by calling FUNC
and Integraté out the squivalent araa by calling EAREM
IF(INAREA.EQ.2) THEN
CALL FUNCT{ TAY, FEAU, JDIN)
OPEN{UNIT=4, FILE='f _dat'})
DO 100 J=1,NMAX
READ{4,*,END=110) TAU(J),FTAU(J)
CONTINUE
CONTINUE




SOURCE PROGRAM ) | oate 7/14/94 | eace#

TIME  5:00:11 pm

LINE # ) SOURCE TEXT
2l lc JIDIM = J-1 L S
he. CALL DISTARC(TAU,PTA
. CALL EAREA(S,FTAU, TAU, IDINY
24 GOTO 270
52 ENDIF
£
glic Read the PLGTID surface grid fille (Planat to!n!t)

F. c and find the equivalest ares dlstributiva

129 | OPEN(UNIT=11, FILE~'grid.in',FORM='UNFORMATTED®)
'§? READ(11) KDIM,LDIN,JDIM

poO 200 J=1,JDIM -

READ(11) ({X(X,L,J), K=1,KDIM),L=1,LDIM),
] {(Y(X,L,J), K=1,KDIM),L=1,LDIM},
4 ¢ ((Z(X,L,J}, K=1,KDIN),L=1,LDIN)
§1 200 CONTINUVE
b CLOSE(11)

¢ i :
S %4 EQUAREA(XDIH LDIN, ID ,¥, 7, KMAX , LKAX, JMAX, S)
c L
T e 120 91,
S${J) = PFAC*S{J}

TAU{T)=X{1,1,T)
220 CONTINUE

Sl gnl ol gt nionl gl gt gl

IDIMML = IDIM-
DO 300 J=2,JDIMM1
Al=(TAU{J)-TAU(J+1))/ ({TAU(T )~TAU(J-1))* {TAU({J+1)-TAU(J-1)))
4 A2={TAU(J)-TAU(J-1) )/ ({TAU({I+1)-TAU(J})* (TAU(J+1)-TAU(J-1)))
SP(J) = AL+(S(J-1)-S(J))+A2%(5(J+1)-8(J)) -
300 CONTINUE
A2 = (TAU(3)~TAU(1))/(({TAU(2)-TAU{1))* (TAU{3)-TAU(2}))
A3 = (TAU(2)-TAU(1)}/((TAU(3)-TAU(2))*(TAU({3)-TAU(1}})
AL = A2-A3
SP(1) = -A1*S(1)+A245(2)-A3+8(3)
Al = (TAU{JDIM)-TAU(JDIN-2))
&/ ((TAU(JDIM)-TAU{JDIM-1))*(TAU(IDIM-1)-TAU(IDIN-2)))
A2 = (TAU(JDIM)-TAU(JDIN-1)}
&/ {(TAU(JDIM-1)}-TAU{JIDIM-2))*{TAU({JIDIN)-TAU{IDIM~2)})})
A0 = Al - A2
 SP(JDIM) = A2+S(JDIM-2)-A1*S(JDIN-1 )+A0'5(JDXH)
18t order sp(l) = (S(a)-S(l))/{rAV(z)-tn N
Eder D!l)  ( SLIDIN)-S [IDIMMLY )/ (TAY(

a oon

“Redistributs the & 1o equil spacing
CALL DISTARC({TAU,S,JDIM,TAU,S, JDIH 10.,0)
CALL DISTARC(TAU,SP,JDIN, TAO, SP,JDIN,10.,0}

5

7
74
DO 340 J=1,JDIM
b4 R{J)} = SQRT(S(J)/PI})
Z ONTINUE
/81 c: !
7 opzu(uuxr-12,!1Lz- area.out’)

WRITE(13,400)
400 FORMAT(17EiThis is equivalent area distribution)
DO 450 J=1,JDIM
WRITE(12,580) TAU(J},S{J)
4| 450 CONTINUE B
e TTUUURRITR (12, AT
e warre(ia,esny
o 4517 miw\'r(cufrhls is the deri tivo of the
c
. JotEs
<

: PO 4SS T
,,,,,, g
0 | ¢ 485
CLOSE(12)
&
¢ [ the interlerence betwu
&
[ B2
c
JC L -
1¢ T iNirite out the Ligl

1

OPEN(UNIT=13,FILE=
WRITE(13,556)
556 FORMAT(4981This is the Lighthill F-functiom at body surface}

DO 560 J=1,JDIM

WRITE(13,580) TAU(J),FTAU{J)

560 CONTINUE
580 FORMAT(2X,E16.8,1X,E16.8)

CLOSE(13)
£ 790 CONTINUE

31 o v e,
c ‘Obtained the pruuu‘u uigu Eur
»CALL FE‘N(!‘TAU TAU, mcn JDIM,RO,R1, TORX)
£ € s .
[ cmss(l) ' : :

STOP
r END




SOURCE PROGRAM

LHF.f

SOURCE TEXT

DATE 7/14/94

TIME  5:00:11 pm

PAGE #

SUBROUTINE LIGHT1(TAU, R,SP,N, FMACH +FTAU)
[DIMENSION R(N),SB(N),TAU(N} , FTAU(N)

px='ll-XTAN(1.)
BETA=SQRT( FMACH*+2-1.0)
TAU(1}=0,

FTAU(1)=0.

FTAU(M)=0.

DO 100 J=1,N -
DO 102 I=2,N
IF(ABS(R(I)).LE.1.E-10) THEN
Z1 = 1.E+10
F4 = 0.
GOTO 98
ENDIF
AB~2.0/(BETA*R(T))
AB1=ABS (AB)
F1l=SQRT{ABI )
F2=SP(I)-SP(I-1)
Fl=F1+F2
F4=F3/(2.0+p1)
Zl-(TAV(J)—TAU(I))/(BETA'R(I))
Xlo=-1.0

IF (21.LT.XLO) GO 70 9§
IF (Z1.LT.4.0) GO 10 97
IF (21.GE.4.0) GO 0 38
H21=0.

FTAU(J )=FTAU(JT)+BZ1+Fq
GO TO $9

B21=.02937+21%21-.3175+214.753)
FTAU(J ) =FTAU(J)+BZ14Fq
GO TO 99
BB=}.0/(2.0%21)
BB1~ABS (BB)
HZ1=SQRT(BB)
. FTAU(I)=FTAU(J)+HZ1p¢

99 ONTINUE

102  CONTINUE

100 CONTINUE

RETURN

END




SOURCE PROCRAM

L RALL VA R 7 4= B B

nME 5:00:11 pm

T i

~ SUBROUTINE EQUAREA (KDIM, LDIM, JD

This subxoutine tipes Lthe oross—ae
which has symmetry plape at Y-ax

{for sach x) the area is fou
tropisodial rule: -

AnnRnNnNo

DIMENSION 1(KMAX,LMAX JMAX},
REAL S(IDIM) )

3

bo 10 J=1,IDIM
DAREA = 0.
po 5 K=2,KDIM .
= Y(K,LDIM,J)-Y{K_1,LDIN,J)
ADD = Z(K,LDIN,J)+2{k-1,LDIM,J)
DAREA = DAREA + 0.5*ADD*B
s CONTINUE

The unwanted base 8
B = Y(1,LDIM,J) - Y (XDIM,LDIM,T)
ADD = 2(1,LDIM,J}+Z(KDIM, LDIM,T)
BASE = ABS(D S+«ADD*H}

. "nmhbe ares surbul - nalt of the plane
$(J) = ABS(DAREA)-BASE

10 CONTINVE

RETURN

END




SOURCE PROGRAM DATE 7/14/94 | PAGE#

5:00:11 pm

LINE # SOURCE TEXT

g g SUBROUTINE FFN(F,X, FMACH NP,R

296} c This pzogrnm u#es F-function theury to preﬂiot the pressure

% : C signatuze at fu field when an initial pre

5871 ¢ e R

PARAMETER (NHAX-I(OO)

DIMENSION F(NFP),X{NP},¥(NMAX) P (NMAX)
DIMENSION YSTP{NMAX)

DIMENSION DBLVL(3)

OPEN(UNIT-14 +FILE='p.out’}

 Input of initial pa

na Qﬂ:ﬂ;ﬁﬂﬁﬂﬂﬂn

esd the input par
READ{3,XPSCALE)
WRITE(6,XPSCALE)

an

GAMMA = 1.4

B = SQRT(PMACH**2 - 1.)

CAP = (GAMMA+1.)*FMACE**4/(SQRT(2.)*B++1.5)
SRRL = SQRT(R1)

o ) i G o L

FAR AN RIRERER PRERS AR

i s

By LA Ve nodn
IF{R0.GT.0.) THEN
OPEN(UNIT=8, FILE='p.r0')
DO 15 I=1,NMAX
READ(S, * ,END=30)X(I),P(I)
15 CONTINUE
30 CONTINUE
CLOSE(8)
NP = I-1
g SRRO = SQRT({RO)
9 DO 35 I=1,NP
F(I) = SORT(2.*B*RO)*P(I)/(GAMMA*FMACH*FNMACH)
X(I} = X({I) ~ B*RO + CAP*SRRO+F(I)
Y- a5 CONTINUE

e nx‘mi 3,49)
[ DO 50 I=1,NP
(1) = X(I)

DA DD LS DA

YMIN = 1.E+8
DO 55 I=1,NP
IF(Y(I} .GE. YMAX) YMAX=Y(I}
IF(Y{I) .LE. YMIN) YMIN=Y{I)
CONTINUE

. e inteq
| CALL INTF(NP Y,¥}
Hesd to

1
TYSTP(1) = YMIN
YDIS = YMAX-TMIN
DY = YDIS/FLOAT(NMAX-1)
DO 80 J=2,NMAX
YSTP(J) = YSTP(J-1) + DY
80 CONTINUE

0o Gﬂﬂ

b i)
phu the shocki
CALI. mcn(mx NP, Y, YS'I'I’ F)

obtaln the solutios
NOTE: If TORX>D, the sonic
: or it is  in the Iorm'
DO 150 I=1,NP
P({I) = GAMMA*FMACH*FMACH*F(I)/SQRT(2.*B*Rl)
X(I) = Y(I) + B*R1
150 CONTINUE

s 'in ‘the forw (P~P]
Pint)/Pint ¥s distan

a0 noo

aan

poin
“gtale the” uonic 1f desired
DO 180 I=1,NP
X(I) = X(I)*XSCALE
P(I) = P(I)*PSCALE
180 CONTINUE

g

TR
AT er e dr grar

_ Atmospheri¢ aspect
ALT = Altitude T
Ag = speed Of sound st grouna in It/ sec
PO = reference Eressure 1b/2t"2 = sqlt'r(nt!g)
Pg = pressure 4 & “ground .

Pa = pressure 4t flight sltitude
PO = SQRT(Pg*Pa}
VEL = FMACH*Ag
TREF = X{1)/VEL
IF(TORX.GT.0.) THEN
DO 260 I=1,NP
X{I) = X(I)/VEL - TREF
P{I) = P(I)*PD
260 CONTINUE

=3
15,08 ~F NN RIS — OO

{e3
&
nooaaa

A P e e LA LA AR A
paatntr S Y R XX TSR SRTTS
N OB @B

aan

The signal (DP vs Time) is calculated, use a empirical ptogrq- to
calculate the rise time, snd embed the rise time into the signature.




SOURCE PROCRAM DATE

7/14/94

LHF.f TIME

5:00:11 pm

PAGE #

LINE # SOURCE TEXT
414 1 ¢ © Note: Unit used is still the stupid Tnglish unitt T
4 CALL RISETIHE(FMACH P,X,NP,ALT, IRISE}

416 i c SN IRIEE: e

> b . :

4

4 C 5 .

420 i ¢ 'wzlu the dk(PL) “value out

4 . WRITE(14,500)DBLVL(1), DBLVL(2) DBLVL(J)
4 500 FORMAT b
4 ("INoise level *',F10.4,'PLdB',3X,F10.4,'AB(A)',3X,F10.4,"'dB(C)")
424 ENDIF

425

4261 ¢C “'Write the

427 WRITE(14,5
428 | 555 FORMAT{28HIThe pressure signal at Rl= ,F10.4)

2%_‘ DO 670 I=1,NP

3 WRITE(14,700) X{I},P(I)

,__f_i l.i 670 CONTINUE
43¢ 700 FORMAT(31,E20.8,2X,E15.6)
4
4341 ¢
435
436




SOURCE PROCRAM

LHF.f

SOURCE TEXT

DATE

7/14/94

PACE #

TIME

5:00:11 pm

[of

100
120
130

_ OPEN{UNIT=34,FILE-'icurve F' FORM='

. FORMAT(

SUBROUTINE INTF(NP,Y,F)
This program print out the integral cuxve of the shifted F-function
DIMENSION F(NP),Y{NP} Coe o S

SUMF = 0

WRITE(34,120)

DO 100 J=2,NP
DY = Y(J)-Y(J-1)
SUMF = SUMF + 0.5*DY*(F(J)+F{J-1})
WRITE(34,130)Y(J},SUKF

CONTINUE

FORMAT(42BE# Integral curve of the shifted F-function)

€)

CLOSE(34)
RETURN
END




SOURCE PROCRAM DATE 7714794 | Pace#

LHF.f TME  5:00:11 pm 8

SOURCE TEXT

SUBROUTINE SHXPT(NMAX,NP,Y,YSTP,F,INDEX, FS,YS,IIT)
DIMENSION F{NP],Y(NP)
" DIMENSION YSTP(NMAX)
DIMENSION INDEX(40),6F5(40)
COMMON/SHOCK,/ INSCT

YEND = Y(NP}
FIRST = 1.
DO 500 J=2,NMAX

YS = YSTP(J)

c D oee-iiTD
8 |.C ve for integration, start sesrchleg frowm
&7 C S
47
EYANE T Lo o : o
:; [ ,t°}""‘h the integration poin e can integraté and
451 c i el
47 SCT.GT.2) THEN
47 IF(II1.EQ.3) INSCT = 3
A7 1S=INDEX(1)
47 IE=INDEX({INSCT)
45 CALL AREA(NP,Y,F,YS,FS,IS,1E,IFLAT2)
ELSE
c UrTUTihe twil shook is alréady farmed, ledve program
TP(INSCT LE. 1 AND. ¥S.G87T.YEND4L.05) RE :
FIRST=1.
GOTO 300

IF{FIRST.G1.0.) IFLATI = IFLAT2

IF(IFLAT2.EQ.0) RETURN

FIRST =

1P IFLAT = 0, Y5 is the

TIE TFIATZ and IFLATL dre in diffe: $ign, i.e., :
“.khe ‘oorrect point 4 be between 1 apd I-1. T

on Wekh ¢ cariett point Y(ISTART)

oaonnn

Yl = YSTP(J-1)
¥2 = YSTP(J)
NC = 500
DO 300 IC=1,NC

S = 0.5+(Y2+4Y1)

CALL POINT(NP,Y,F,INDEX,FS,YS, INSCT}

4 IF(111.8Q0.3) INSCT = 3
IS=INDEX(1}
6 IE=TNDEX(INSCT)
CALL ARCA(NP,Y,F,YS,FS,IS,IE,1FLATO)

IF(IFLATO0.EQ.C) RETURN
o BV IF(IFLATO+IFLAT] .LT. 0} THEN
Yl = YS
IFLATZ = IFLATO
ELSE
Yl = ¥5
A IFLAT1 = IFLATO
ENDIF
> 200 CONTINUE
WRITE(*,*) ‘After ' ,NC,' steps of bisection®
RETURN
ELSE
IFLAT1 = IFLAT2
GOTO 500
£4 ENDIF

500 CONTINUE
> RETURN
END




SOURCE PROGRAM

LHF.f

SOURCE TEXT

DATE

7/14/94 | Pace#

TIME

5:00:11 pm

PO A4

ré

SUBROUTINE POINT(NP,Y,F,INDEX, FS,¥S, INSCT)
DIMENSION Y(NP),F(NFP)
DIMENSION INDEX(40),FS(40)

Find t.h-e.' péint.s FS on the P-fupction
INDEX = the Tuns from 1 to Nb
INSCT = ¢ of heing int

" INSCT = 0
IF(YS .LT. Y(1}) THEN
INSCT = INSCT + 1
FS(INSCT) = 0,
INDEX(INSCT) = 1
ENDIF

tdoann

{bt.

NP
FACL = YS - y(J)
FAC2 = YS - Y(I-1)
TF(FAC1+FAC2 .LE. 0.) THEN
. TF(ABS(Y(1)-Y(I-1)).LE.1.B-14)
g

e WELlta(x, ¢ )  IEROO Y8, YY),
Je TV WETEE( %, 4 VSRROOO00O 20T, Y8, ¥ (1Y, %
INSCT = 0 R
RETURN
ENDIF

INSCT = INSCT + 1
SL = (F(I)-F(I-1))/(Y(I)-Y(I-1))
FS(INSCT) = F(I-1)45L4(¥S-¥(I-1))
INDEX{INSCT) = I
ENDIF
100  CONTINUE

FS5(INSCT) = F(NP)
Y(NP) = YS

ENDI




al i

SOURCE PROCRAM T bt fialdd 2718794  ThYET 1

LHF.f

SOURCE TEXT

SUBROUTINE AREA(NP Y F,¥S,FS,1S,IE,IFIAT)
DIMENSION Y(NP), F(NFP), FS{40}
_ COMMON/SHOCK/ TNSCT -

:'i‘ine the int;férll éi £ by i:xnpe'zdid'a’l rule : -
Intey itin‘g from 1=1s to IE, El is area that from YS to ¥{IS)
2 is the ares that frosm Y(IE) to YS. Thus E2 should be

“substracted ot asd El should be added in

F1 = 0.5«(Y(I5)-YS8)*(F(IS)+FS(1))
1F(Fs(1) .EQ. 0.) E1 = O.
E2 = 0.5%(Y(IE}~YS)*{F{IE)+FS(INSCT})
AREAL = E1
IE=1E-1
po 10 I = IS,IE
SLAP = 0.5¢(Y(I+1)-Y(T))*(F(T+1)+F(I}}
AREAL = AREAl + SLAP

A= AREAL - E2

IF(A.GT.0) IFLAT=1

IF(A.LT.0} IFLAT=-1
_,I‘}‘(ABS(A).LT.I,;;—_'I‘) IFLAT=0




SOURCE PROGCRAM

LHF.f

SOURCE TEXT

DATE

7/14/94

TIME

5:00:11 pm

PACE #

| DIMENSION S(JDIM), TAU(IDIM)

TPI=d.SATAN(1. )

TE(LY =0

SUBROUTINE WBODY(JDIM,S,TAU)

Thig subroutine fipd the area distrib:

the wing-body configurstion.

ANG=21.+PI/180.
ANG1=80.+PI/180.
. DX=25 AT(J]

TAU(1) = O.
DO 2 J=2,JIDIM
TAU(J) = TAU(J-1)+DX
TTT = TAU(J)-7.01
IF(TTT.GT.0.) TTT=0.
RR=0.54-0.0114TTT*+2
${J) = PI+*RR*RR
IF({TAU(J).GT.8.31 .AND. TAU(J}.LT.12.25) THEN
AR = 4.%0.5%0.05*TAN({ANG)*(TAU(J)~8.21)+42
S(J) = 5(J) + AR
ENDIF
IF(TAU(J).GT.12.25 .AND. TAU(J).LT.15.77688849) THEN
B2 = 0.05+(16.29-TAU(J})

B2
Bl
H1
AR
S(J)

= 2.91+((TAU{J)-12.25)/(15.77688845-12.25))
= (TAU{J)-8.21)*TAN(ANG)-B2

= 0.05%B1/TAN({ANG}

= 4.%(0.5*B1*H1+0.5*(H1+H2)%B2)

= 5(J) + AR

AAEUSLAS

2

2t

zy

ENDIT

IF(TAU(J).GT.15.77688849 .AND. TAU(J).LT.16.29) THEN
AA = 4.#(0.570.05+TAN(ANGL)*(16.29-TAU(J))**2)
S(J) = S(J) + AR

ENDIF

IF(TAU(J).GT.18.93 .AND. TAU(J).LT.17.52) THEN
SLOP=(0.15-0.54)/(17.93-17.52)
RRR=0.54+SLOP* (TAU(J)-17.52)
S(J) = PI*RRR**2

ENDIF

IF(TAU(J).GT.17.93) $(J)=PI+0.15+0.15

CONTINUE
RETURN
END




SOURCE PROCRAM

LHF.f

| DATE

7/14/94 | paces

TIME

5:00:11 pm

12

LINE # SOURCE TEXT
643 SUBROUTINE CONE(JDIX,S,TAU}
644 1 C This subroutfne find the ares distribution of thé’ uane—cylinaer
64571 ¢ “with half-angle 3.34 degree and 8.6 units of length
646 ‘DIMENSION S(JDIK),TAU(JDIM)
647 1 ¢

648 PI=4 . *ATAN({1.)

. 649 ANG = 3.24*PI/180.

..630 DX = 15./FLOAT{IDIM-1)

V631 S(1) = 0.

..... 652. TAU{1) = 0.

..633 DO 2 J=2,JDIM

... 654 TAU(J)=TAU(J-1)+DX

o 65% IF(TAU{J).LE.B.6) THEN
656 | R = TAU(J)*TAN{ANG)

657 ELSE
658 R = 8.6%TAN{ANG)

.. 659 ENDIF

... 660 §(J) = PI*R*R

B8] CONTINUE

..66¢ ) RETURN

..663 END




SOURCE PROGRAM

LHF.f

SOURCE TEXT

DATE

7/14/94

TIME

5:00:11 pm

PACE #

13

SUBROUTINE SEARS(JDIM,S, TAU)

) TAU(IDIN)

_point on
IBOY S IBIHE 3,03 )
JSNG = JDIM -

nooon!
ESNENE!
o

TOTL = 1.9+ L

F =235

DTHETA = PI,/PLOAT(JEDY-1)
DX = BL/FLOAT(JEDY-1)
RMAX = BL/{2.+F)

s(1)

=0,
1

L Seara~
+*}'Input Ab
Tead(+*,*) AR
vrito(',‘)'Input XMAX*
read(*,s) AA

ams hody
ase/Amax’

1-DIRETATFLOAP (151
(lz*cgs{m;urywm.
(J-1)*D:

= CONST«( PI-THETA+0.5+SIN{2 “THETA) 4
(4./3.)%C1*(SIN(THETA))**3 )

04" R = RMAX*SQRT( ABS(POS) )
$(J) = PI*R+*R
2 CONTINUE

H

i

NN

, 2 sting .
DX = (TOTL-BL)/FLOAT{ISNG)
DO 5 J=JBDY+1,JIDIM
TAU(J) = TAD(J-1) + DX
S(J) = $(I-1)

.
g
S

% body + 1 of -pobtnbt on stinq.- Iotm

- This ‘subroutipe ‘find the area distribution of then,s,eus-r_(uck”body
th f1 " R e T TS i




SOURCE PROGRAM

TR = AX gama. :

AR I

SUBROUTINE BULLET{JDIM,S,TAU)
This subroutine find the area distr’

DIMENSION S(JDIM) (TAU(JDIM}

PI=4.*ATAN(1.)
BL = 4.
GAMA = 0.65 '
RBASE = 0.25
A = RBASE/(BL**GAMA}
TOTLEN = BL + 2.*BL
DI = TOTLEN/FLOAT{JDIM-1)
s(1) = 0.
TAU(L) = O.
po 2 J=2,IDIM
TAU{J )=TAU(J-1)+DX
IF{TAU(J) .GE.BL) THEN
R = RBASE
ELSE
R = A*TAU(J)**GAMA
ENDIF
8(J) = PI*R*R
CONTINUE
RETURN
END




SOURCE PROGRAM DATE 7/14/94 | PAGE®

LHF.f

TIME  5:00:11 pm

T

LINE #
742
743
744
745
746 PI=4. -ATAN(1 Yy
747 STING = O.
.148 DX = 3./FLOAT(JDINM-1)
749 S(1) = 0.
750 TAU(l) = O.
751 DO 2 J=2,IDIM
252 TAU(J}=TAU(J-1)+DX
753 IF{TAU(J).LT.2.) THEN -
; 4 Z = (PI/12.5)¢(TAU(T)-0.5*TAU(T)*TAU(T)}
S(J) =2
756 IF{TAU{J).GT.1.70897) THEN
2 STING=PI*0.0625+0.0625
2 §{J) = Z + STING ~ Z+0.125
4 ENDIF
7 ELSE
4
7
7
7
W4
2

VERIWERE

STING=PI*0.0625%0.0625
§(J} = STING
ENDIF
CONTINUE
RETURN
END




SOURCE PROGRAM

LHF.f

SOURCE TEXT

i DATE

7/14/94 | race#

TIME

16

5:00:11 pm

2

14
o

ry

NE N NS SN

-
[¥]

QD!
-
-~

N

3 ARSI
0.0 IOV W

" This subroutine obtafns the B-f
“into the equalivant area.

'oPEN(vNI'r-JJ FILE=’ coef _dat ]

DO 10 1=1,NMAX

CONTINVE
TSTART=1

30
40
50 CONTINUE

SUBROUTINE BFUNC(JDIM,S,TAU)

it

on from fort.10 and

PARAMETER (NMAX=800)
DIMENSION 5(JDIM),TAU(JDIM),B{NMAX),6 X{NMAX)
COMMON/PAR/ FMACH,PFAC .

FDRHATTED‘)
READ({33,12)
READ{33,12)
READ({33,12)
READ{33,12)
READ(33,12)
READ(33, 1S, END=17] X{T),CL,C0, $L00; B¢y ,CH
READ(33,+,END=17} X{I},B{I)
B{I) = B(I)*PFAC
CONTINUE
CONTINUE
FORMAT(1X )
FORMAT(6E13.5)
CONTINUE
CLOSE ({33}
NPOINT = I-1
OPEN(UNIT=33, PILE='bfn.dat')
DO 20 I=1,NPOINT
WRITE(33,%) X(I),B(I)

DO 50 J=1,JDIM
DO 30 I=ISTART,NPOINT
IF{ABS(X(I)-TAU(J)).1E.1.E-10) THEW
S{J)=5(I}+B(I)
ISTART=I
GOTO 40
ENDIF
IF({X(1).GT.TAU(J)} THEN
IF(1.EQ.1) THEN
BF=0.
AF=0.
ELSE
BF=B{I-1}
XF=X(I-1)
ENDIF
SLOPE=(B(1}-BF}/(X(I)-XF)
BT = B{I1) + SLOPE*(TAU(J)-X(I))
S(J) = §(J) + BT
ISTART=I-1
IF(I.EQ.1) ISTART=1
COTO 40
ELSE
TF(I.LT.NPOINT) GOTO 30
S(T) =5(J) + B{NPOINT)
ISTART=I
GOTO 40
ENDIT
CONTINVE
CONTINUE

RETURN
END




SOURCE PROCRAM DATE

7/14/94

PACE #

TIME

LHF.f

5:00:11 pm

17

LINE # SOURCE TEXT
...830 SUBROUTINE WB(JDIM,SP,TAU)
83l e This ‘subroutine gbtains the ing-body interferencw corréatios
ile and 2dd it {into the derivative of equalivant ares.
3 This is & tast for wing-body case =
34 DIMENSION SP(JDIM), TAU(JDIM)
5 COMMON/PAR/ FMACH, PFAC
[ :

Do 10 J=1,dD1H
IF(TAU(J).GE.8.21 .AND. TAU(J).LE.12.25)
54

3 & SP(J)=SP(J)+4.%.05*.
4 IF({TAU(J).GT.121.25 .AND. TAU(J).LE.16.29)
4 & SP{J)=SP(J)-4.4.05*.54

4 10  CONTINVE

4 RETURN

44 END




SOURCE PROGRAM

LHF.f

SOURCE TEXT

DATE

7/14/94 | PAcE#

TIME

18

5:00:11 pm

..B46 | SUBROUTINE FUNC(TAU,FTAU,JDIM)
A7 DIMENSION TAU(JDIM),FTAU(JDIM)
T B48 . NAMELIST /FFUNC/ YF,ELAM,C,H,B,D

(o] ‘Read "the input pu'nnetars o
READ{ 3, FFUNC)
WRITE({6, FFUNC)

TAU(1)=0.
FTAU(1)=0.
DY=YR/FLOAT(JDIM-1)
DO 10 J=2,JDIM
TAU(J }=TAU(J-1)+DY
IF{YF.EQ.0.) GOTO 6
IF(TAU{J).LE.YF/2.) FTAU(J}~2.*TAU(J) *R/YP
IF{TAU{J).GE.YF/2.0 .AND. TAU(J) LE.YF)
& FTAU{I}=Cx (24TAU(I)/YF-1.} - E*(2.*TAU(I)/Y

¢
6 6 UUTRTAUY ) RELYR L AND. TAU
c TTAU{J }=B8¢ (TAU(F)<YF)4C
6 IF{TAU{J}.GE.YF .AND. TAU(J). )
IF({TAU{J}.GE.DEL .AND. TAU(J). LE. ELAM)
& FTAU{T)=B¢(TAU(J)-DEL)3C

”~

q&mvmwgq~ﬁgqﬁqqmng—q

IF(TAU(J) .GE.ELAM AND. (1.
& FTAT(J }=B(TAU(J)-ELAM)+ {RLAMSB-D)
 IF(TAU{J).GE.BL)
€ g PTRU(T )~ (ELAM BEDSB { BLELAAY ¥
& PTAU(J}=-E/(TAU(J)-(BL-ABS(BL-ELAN)/10.))

'~

Sowis

H i : : oo
St S SNE N NE NN NN N

sun=8e

WRITE(13,753)
DO 2D J=1,JDIM
WRITE(13,80) TAU{J),FTAU(J)

20 CONTINUE
75 FORMAT(22BJF-function from input)
80  FORMAT(2X,F8.4,1X,E16.8)

RETURN

END

;Mg;gm;a &

i

RGBSRy




SOURCE PROCRAM

LHF.f

SOURCE TEXT

DATE

7/14/94

5:00:11 pm

PACE #

19

oaaaann

15

20
80

_ DIMENSION F(900)

s(l) =0.

SUBROUTINE EAREA(S,FTAU,TAU,JDIM)
DIMENSION S(JDIM), TAU(JDIH) FTAU(JIDIM)

TAU(1)=0.
DO 10 J=2,3DIM

ss = 0,

Do 7 I=1,J-1
DY=TAU(I+1)-TAU(T}
FINGRL = 0.

DO 5 K=1,I-1
DT = TAU(K+1)-TAU(K)
FINGRL = FINGRL + DT+FTAU(K)/SQRT(TAU(I}-TAU(K))
CONTINUE
S5 = SS + 2.+ FINGRL*DY )
: A, S SORT(TADL ) “TAU( 1Y) FTAU(T § #DY

TANN=5(3)/TAU(3)
5({2)=TANN*TAU(2)
WRITE(12,15)
FORMAT(27H{Ares fxom given F-function)
DO 10 J=1,IDIM
HnITE(xz 80} TAU(J)},S({J}
CONTINUE
FORMAT(2X,F8.4,1X ,E16.8)
RETURN
END




SOURCE PROGRAM

LHF.f

| DATE

7/14/94 | PACE®

SOURCE TEXT

20

SUBROUTINE RISETIME({FMACH,P,T,NP,ALT,IRISE}
_An espirioal method to caloulate the rige time of 3
‘Rise time derived from regression Anslysis of Alx Fo!
flight test dats. Good for N-wave type of
_'conswrvative (shBorter rise tlmey, I
“UALY unit used are English usit 1t

tream pressurs (1b,
ime (secy :

ture R=F¢459.67={9/5)K
P({NP) ,T(NP) -
PO = 2116.2

TEMP = 518.6%9

IFOUNT = O
12 CONTINUE

~ IKOUNT = IKOUNT + 1

Find o #hock strength
PSH = 0.

ISHO = 0.

DO 30 I=1,NP

IF(T(I}.EQ.T(1+1)) THEN

IF(ISHO.EQ.0) ISBO=I

PSE = ABS(P{I+1)-P(ISHO))
ELSE

IF(PSH.EQ.0.) THEN
GOTO 30

ELSE
GOTO 40

ENDIF
ENDIF
30 CONTINUE

40 CONTINUE
ISH = I

IF(PSH.EQ.0.) RE
__IF(IRISE.EQ.1) TEEN v L
lUNpw galonists the rise tide using Alr Forve dats ba
Y1 = 3.93«FMACH - 7.38
Y2 = Y1 + ((8.5+FMACB=+2 - 45.94FMACE + 62.9))**(.5)
AKl = Y2 * 1000.

AX = ARl / ({(ALT/1000.) - 5.)*2117.)

VIS = 100. + 0.5+ ({TEMP-410.}

RT = (AK*VIS)*PO/(PSE*TEMP)
RT = RT/1000.

77 TURT = 0.003/PSH

ELSEXP(IRISE.EQ.2) THEN

1¢ 7 New cslculate the rise time ‘yasamning ipat Ban Jasec

ENDIF

L]

WHITE(14,80)RT

FORMAT(38H] Rise time {sec) of the bow hock

T(1580)=T(15H)
jse tim :e

aananho

W1/ ¥LOAT{ 1SH-1SH0)

DO 200 I~18HO,ISH-1
T(I+1) = T(I)} + DRT
200 CONTINUE

pO 300 I=ISH+1,NP

T(I) = T(1) + RT




SOURCE PROGRAM

LHF.f

LINE # SOURCE TEXT

DATE

7/14/94 | PACE#

TIME

5:00:11 pm

999 |

aONanonNmnn o

PARAMETER  {NAX=2000)
DIMENSION §(MAX),TOTARC (MAX)

“Maximum number aof po

oa

TF(MAX.LE.N .OR. MAX.LE.
WRITE(*,*) 'SUB DISTARC :
STOP

[ Look for total arc
22 TOTARC(1) = 0.
DO 10 K=2,N
1924 ARC = SQRT( (X(K)-X(K-1))**2 + (T(K)-Y(K-1))**2 )

025 TOTARC(K) « TOTARC(K~1) + ARC

10  CONTINUE

an

DELT=FAC* (TOTARC (N ),/FLOAT(NNEW-1) )
CALL DISTRI(DELT,NNEW,S,IFLAT)

0 ELSE
3 S(1) = 0.
DO 25 K=2,NNEW
S(K} = S(K-1) + 1./FLOAT(NNEWN-1)
25 CONTINUE
ENDIF

Pyvél

N teRe e

. Radisteibution,
XN(I)=x(1) =
YN(1)=Y(1)
XN(NNEN)=X(N)
YN(NNEW)=Y(N)

DO 60 J =%, ’
ARCNEW = S(J)+TOTARC(N)
DO 55 K = 2,N
TF(TOTARC(K).EQ. ARCNEW) THEN
IN(T) = X(K)
TN(J) = Y(K)
GOTO 60
ENDIF
IF(TOTARC(K).GT. ARCNEW}) THEN
X1 = X(K-1}
X(K)
Y(K-1)
Y(K)
XL + (X{K)-X(E-1))s
1 {ARCNEW-TOTARC(X-1) )/( TOTARC(K)~TOTARC (K-1))
CALL LININT(X1,X2,¥1,¥2,XX, YY)
IN(T) = XX

rr9G99949Gad

i
NEOAVE RN

-
]
LI ]

55 CONTINUE
60 CONTINUVE

SEEIRGRT
(¢ X7

_Write the tewpersry’
DO 70 J=1 W
XNEW(J) = XN{J)
YNEW(T) = ¥YN(J)
70 CONTINUE
RETURN
END

SN

P

QST




il

SOURCE PROGRAM

LHF.f

SOURCE TEXT

e S =000~

as
40

PARAMETER (MAX=500)
. DIMENSION S(MAX) DUM(MAX) .

sl ting ‘the stretohing £
?e ttxatlspgoiug,_t126, and

TF(MAX.1E. y THEN
WRITE{*,*)'SUB DISTRI

IF(KFCS.EQ.1) THEN
s(1) = 0.
GOTO 40

ENDIF

DZ1 = FANG
XFN = KPCS-1
DZETA = 1./FLOAT(KPM)
RDBETA = 1.5

CALL F21(KFCS ,RDBETA,D

po 37 K=1,KFC
DUM ( KFCS- x+1) = $({K)
CONTINUE
DO 38 E=1,KECS
§(X) = 1.-DUM(K)
CONTINUE
ENDIF
CONTINUE
RETURN
END

CALL GRBET(D21,KFH,0.0001, 100,RDBETA)

unetion s vhen givcn

the pumber of points KFCB
tid

pring at outer

. MAX is less than KFCS'

TRARARAAACARKREENEAL




SOURCE PROGRAM

LHF.f

SOURCE TEXT

DATE 7/14/94 PAGE #

5:00:11 pm

i n.unnn-nnﬂ-puu’ﬁ'n-'ﬁiuh .g'p’\jtlﬁj?:gijﬁ [
| SUBROUTINE F21 (L1 TBETA, DET, 2)

DIMENSION z{250)
IF(TBETA.EQ.1.] THEN
DO 10 L=1,11

2({L)=0.

DO 20 L=1,11
ETA=(L-1)*DET
RR~(TBETA+1.)/(TBETA-1.)

EEE=1.-ETA

RBETA=RR* +EEE
Z(L)-(TBBTA—l.)'(RR—RBETA)/(RBETA#[.)
CONTINUE

END IF

RETURN

END

&)

*k




SOURCE PROCRAM

SOURCE TEXT

TIME

5

«00:11 pm

2

nnano

10
15

w

100
4

DIMENSI

oW
BMl1=

siksfégING'PAnAnETcR, BETA,

1CCL=1CC
FPCCL=FPCC*DEM
BETA1=BETA

Z1=DFM

DET=1./NPT

BR=1.

FR=-21

11CC=1CC/10

po 10 I=1,1ICC
BF=BETAL

PETA=0.5% (BETAL+1.)
CALL FZ1(2,BF,DET,Z)
Fr=2{2)-21
1r(#F.GT.0.} GO TO 15
BETAL=2, *BETAL-1.
CONTINUE

CONTINUE

po 5 NIT=1,ICCL
CALL Fz1(2,BETA,DET,Z)
F=2(2)-21
IF(F.GT.0.) THEN

BR=BETA

END IF

BETA=0. 5+ (BP+BR}

IF(ABS{T).LT.TPCCL) GO TO &

CONTINUE

WRITE(6,100) BETAF

,36F EICEEDED MAX. NO. OF 175....BETA,F ,3G13.6)

BFM1=BF-1.
BRM1=BR-1.
RETURN

END




SOURCE PROCRAM DATE

7/14/94

LHF.f

TIME  5:00:11 pm

PACE #

25

LINE # SOURCE TEXT
2 SUBROUTINE LININT(X1,X2,Yl,Y2,XLOCAL,YLOCAL)
3¢ This subroutine linearly interpolate YLOCAL when given ¢(X1,Yl) & (X2,Y2)
4 IF(A11.EQ.X2) THEN o
5 YLOCAL=(Y2-Y1)/2.
6 GOTO 100
187 ENDIF
& SLOPE = (Y2-Y1)/(X2-X1)
189 YLOCAL = SLOPE*(XLOCAL-X2) + Y2
90| 100  CONTINUE
91 RETURN -
92 END




SOURCE PROCRAM

LHF.f

DATE 7/14/94 1 PACE #

26

LINE # SOURCE TEXT

4 SUBROUTINE MARCH(NMAX,NP,Y,YSTP,F}
DIMENSION F{NP),Y(NP)

DIMENSION YSTP{NMAX)

DIMENSION INDEX{40},FS{40)
COMMON/SHOCK/ INSCT

This subroutine marches the Y dixectlon ang "
"ehcck 1f the ll‘lls are baluced ud tﬁcn place tho sbock

aaan

KOUNT = 0

n YEND = Y(NP)
100 CONTINUE

> DO IND=1,49
INDEX{IND)=0.
INSCT = 0

RPN,

SN,

OO

ENDDO
CALL SBKPT(NMAX,NP,Y,YSTP,F, INDEX,FS,YS,0)

poaltion of Whock

' én1¥ one pos
v;r( NSCT.EQ. 3)

»
oa N oo

H'ore uuu one poRiible
IF(INSCT.GE.5) THEN
YSHK = YS
CALL SHEKPT(NMAX,NP,Y,YSTP,F,INDEX,FS,YS,])
£ Ir(‘lsnt LT.YS} THEN
The wng shock  Sver
4 CALL SE. PT(NKAX RO, Y,
GOTO 4
[ ELSE
‘There aré two separated shocks
Por the shock 1s actuall
Ve need

2]

the tursing edge of r-fusction

annno

... Hix the Y1 } of this emsll regl
232 ) IF(YS .GT. Y(INDEX(INSCT)+1)) THEN
3 Y2 = ¥$
4 BIG = 0.
. DO ITEST=INDEX{INSCT)+1,NP

[ IF(YS.GT.Y{ITEST) .AND. ABS{YS-Y(ITEST)).GT.BIG) THEN
Y1 = Y({ITEST)
1238 BIG = ABS(YS-Y(ITEST))
1239 ENDIF
IF({Y({ITEST).GE.¥S) GOTO 300
ENDDO

300 CONT

FI6d ¥3 by hisecting ¥Yi 4nd Y3
NC = 500
5 DO 320 IC=1,KC
¥YS = 0.5%(Y24Y1)
CALL POINT(NP,Y,F,INDEX,FS,YS,INSCT)
4 DO IT=INSCT,1,-1
IF(INDEX(II).LE.ITEST) THEN

INSCT = II

GOTO 310
2 ENDIF
ENDDO

aon

PTG OGN
>

4 310 CONTINUE

1S=INDEX(1)

IE=INDEX{ INSCT}
y CALL AREA(NP,Y,F,YS,FS,IS,IE,TFLATO}
IF{IFLATO.EQ.0) GOTO 400
IF(IFLATO .CT. 0} THEN
Y2 - ¥§

O
Ibiime)
]

&
™

»
g
rq

.

.

4

£

.

£ 320 CONTINUE
.

£
-4

4

; 1o
el

E N

2 TF(INSCT.LE.1 . AND. YS.GE.YEND) RETURN

FDIS = F5{INSCT)-F5(1}

11 (FLOAT(INDEX{ INSCT}-INDEX{1})}.q.0.0) then
WRITE(15,¢) 'SDT: 2ERO DIVISION ABOUT TO HAFPEN in MARCH'
ar = 1.e31

el

se
DF = FDIS/FLOAT{INDEX(INSCT)-INDEX(1})
endif

F{INDEX(1)) = F5(1}

¢ Y{INDEX(1)) = Y¥S

IS = INDEX(1l) + 1
£ DO 450 I = IS, INDEX{INSCT)

Y(I) = Y§
F(I}) = F(I-1) + DF

450 CONTINUE

IF({KOUNT.EQ.20) THEN
WRITE(*,*)' KOUNT=2011"
RETURN

ELSE
KOUNT = KOUNT+1
GOTO 100

ENDIF

END




SOURCE PROCRAM

LHF.f

SOURCE TEXT

Mot

7/14/94

SUBROUTINE SIMPSON(X,F,M,X0,X1,S0M)
DIMENSION X(M),F(m}

TR 1s oad

N = M/2

SUM = @,

DO 10 I=1,N
ODD = ODD + 2.sF(2+141)
EVEN= EVEN + 4 sF(2e1)

10 conr

TSUN S FiLy 4 ebn 4 N+ F(N)
SUM = SUH'(XI—XO)/(G"FLOAT(N))

RETURN
END







Appendix B

SAMGRID (Fortran Listing)

Appendix B

July 15, 1994






SOURCE PROCRAM

samgrid.f

LINE # SOURCE TEXT

DATE

7/07/94 | PACE#

4:18:56 pm

PROGRAM SAMGRID

produce
ic cross-sections

QAANEO BANAAND

ow*

OO o VT

NG

oaAaANNS 4

R A R A

bt
oacannn

{ forid dimens s
NAMELIST /WING/ NSEC,NPTS,FAC
READ(40,WING)
WRITE(*,WING)

XRTE=XLE(1)+CHORD(1)
5 WRTE=XLE (NC)+CBORD (NC})
IF(XRTE.CE.WRTE) THEN
XRT = IRTE
ARRWING = -1.

RTINS e
1Y

ARRWING = 1.

WAKE = AMIN1(XRTE,WRTE)

DO 100 J=1,NSEC

XDIST(J)=XRLE+ ({ XRT-XRLE) * ( FLOAT(J- 1)/FLOAT(NSEC-1))
CONTINUE

O NIV
-
-4
S

n

DO 187 K=1,NPTS

XOUT(1,K)=XDIST(1)

YOUT(1,K)=YBASE(1,1,1)

ZOUT(1,K)=ZBASE(1,1,1})
CONTINUE

‘O OvON O
VAt Yk

o
~

) b
T when d:T‘g the lower surface, Seed ¢
O:t])ut (ZDIST:YHEN) in both sur

fa0QAAANDO0 O anor

: T
CALL R:DIST(XLOCAL ¥T1P,
DO 300 K=1,KTIP
XOUT(L,K) = ILOCAL
YOUT(L,K) = YNEW(EK]}
ZOUT(L,K) = ZDIST(K)
CONTINGE

Po the upper tac
CALL REDIST(XLOCAL, KTIP PR, 2)
DO 400 K~KTIP+1,NPTS
AOUT(L,K) = XLOCAL
YOUT(L,K} = YNEW(NPTS-K+1}
95 ZOUT{L,K) = ZDIST(NPTS-K+1)
g? 400 CONTINVE

¢ :
98 I c “for the eo-putauoml,
99 t¢c .. the wake has %o ha ¢
0 ia physical location, 'such that®
o0l la ‘the calculation divided into
021¢c for uft{ sake, set 21=%1, -
03, IF{XLOCAL.LT. WARE) ¢OTO §00
04 DO 500 K=1,KTIP-1
05 K1=KTIP+K
106 K2=KTIP-K
107} *Hagland model 1F{ABS(YOUT(L, Kl)‘YQﬂY(L,l?)) LE 3054} “THEN
08 IF(ABS(YOUT(L,K1)-YOUT(L, K:)) . 1.0E-2
09 | *Ref-§ IP(ABS(YOUT{L, K1}~ YOV'I‘(L,KJ)) IR 1 OE 5} THEN

ZOUT(L,K1)=20UT(L,K2)
YOUT(L,K1)=YOUT{L,K2}

ENDIF
500 CONTINUVE
200 CONTINUE

Proceed to next x coordinat.e

1000 CONTINUE

P U g
SO RNOW R WN =0
n

c Write out pew surfgrid in plotid format




SOURCE PROGRAM | DATE 7/07/94 | PACE#
samgrid.f TME  418:56 pm 2

LINE # SOURCE TEXT
. Ei=1
23 WRITE(50)NPTS, KN, NSEC
4 DO 1234 L=1,¥SEC
WRITE({50){XOUT(L,K),K=1,NPT5),
(YOUT(L,X),K=1,NPTS},
. (20UT(L,K),K=1,NPTS)
1234 CONTINU
LIt i AT
< Krite out original
c
N1=NU )
WRITE(11)N1,NC, KW
4 WRITE(1l) ({(XBASE(1,1,M),I=1,NU),(XBASE(I,2,N}, I=NL,1,-1},
5 . =1 ,N
5 ( (YBASE(1,1,M},I=1,NU), (YBASE(I,2,K} ,I=NL,1,-1),
7 M=1,NC},
38 ((2BASE(1,1,M),I~1,NU), (ZBASE(I,2,M),I=NL,1,-1},
9 NC)

5 naoon ann




SOURCE PROGRAM

samgrid.f

DATE

7/07/94

TIME

SOURCE TEXT

18:56 pm

I T ]

PACE #

PL1,NPL2, X

)
DIMENSION YTEMP (MAX ) , ZTEMP (MAX)
... DIMENSION X(NPI|,y(N N
“IF(MAX L
WRITE
TOP

ENDIF

IF(NPL1.GE.NPL2) THEN
WRITE(*,*
STOP

ENDIF

}'No plane is addeq in the streamwise direction'

Xnterpolating the naw qzid,
Xl = X(NPL1)
X2 ~ X(NPL2)
XX = 0.5¢(X{NPL1)+X(NPL2))
DO 10 K=1,XDIM
Y1 = Y(NPLL,K)
Y2 = Y(NPL2,K)
21 = Z(NPLl,K)
22 = Z(NPL2,K)
CALL LININT(X1,X2,Y1,¥2,XX,YY)
CALL LININT(Y1,Y2,121,22,YY, 22)
YTEMP(X) = YY
ZTEMP(K) = 77
10  CONTINUE

Reuber tha Yate atakione
NSEC = NSEC+1
DO 10 L= Nle,NPL2+1,-1
X(L) = X({L-1)
DO 20 K=1,XDIM
Y(L,X) = Y(L-1,K)
Z(L,K) ~ z(L-1,K})
CONTINUE

{1
X(NPL2} = xx
Y(NPL2,X) = YTEMP(K)
Z(NPL2,K) = 2TEMP(EK)
CONTINUE

RETURN
END

ML I TITT




SOURCE PROGRAM

samgrid.f

k UAIL

FEZA R4 I N
renf

TIME

4:18:56 pm

.20 )
2 Given 8 set of pts

this subroutine r

YA=Y(KS)
ZA=Z(XS)
YB=Y(KE)
2B=2(KE)

SY=YA-YB
S2=1A-2B

R =SY/S2
A= 1 +R %3

C = LB*ZB+YB*YB ¥

DET=B*B-4 . *A*C

IF(DET.LE.0.) THEN
WRITE(15,*)
GOTO 200

ENDIF

Yc=YCl
ELSE

2C~1C2

YC=YC2
ENDIF

ind the ts
TOTARC=0.
po 50 K=KS,KE-1

TOTARC=TOTARC

50 CONTINUE

TOTARC/FLOAT
ARC*ARCORR

TA=Y(K)
2A=3(K)
TB=YC

§Y=YA-YB
52=2ZA-2ZB
SR=RFIL#*2-ARC**
BB=(YA*YA-YB*YB)

2 1.4R**2
= 2.%2B*R - 2.
- R*SR/SZ
= ZB*IB+YB*YB
+ (0.5+SR/SZ)*

DET=B+B-4. *A*C

IF(DET.LE.D.)
NRITE(15,%)'De
GOTO 200

ENDIF

YC1 = { -B+SQRT{

7€l = (

yc2 = ( -B-SQRT(

2C2 = (BB — 2.*Y

IF(YC1.GE.Y(K})
Z(K+1)=ZCL
Y(R+1)=YCL

ELSE
Z{X+1)=2C2

i Y(K+1)=YC2

) ENDIF

100 CONTINUE

! 200 RETURN

END

SUMENSION T(KMAX) Y (K

points on filet circle.

BB-(YA'YA-YB'YB)*(ZA'ZA-ZB'ZB)

*2

{KMAX) _ .
Y1), 2(dyy i=l. . X, “and Fadius of £

eplaces the points (X031 B(3) PRS- BB

‘Look Tor the center of ‘the filat circle (YC,8ey T

B = 2.%*2B*R - 2.°YB - BBYR/S

2
(BB/(Z.'SZ))"? - 2B*BB/SZ - RFIL®**3

'petersinant is less than O, °,DET

YCL = { -B+SQRT(DET) } / (2.°A)
7¢1 = (BB - 2.4YC1*SY)/(2.°SZ]
Y62 = { -B-SQRT(DET) } / (2.*M)
202 = (BB - 2.*YC2*5Y)/(2.°SZ)
1F(2C1.GE,%C2) THEN

2C=2C1

+
& SORT{ (Y(R+1)-Y(K})**3 + (T(K+1)-2({K}}**2 )

7.
(KE-KS)

¥ each point

2

+(ZA*ZA-IBIB)

+Yp - BB4R/SZ

+ (BB/{2.%5%))**2 - ZBeBB/ST © RFILA*2

BB+SR)/{2.452¢52) - SR*ZB/SL

TEEN
terminant is less than o, ',DET

DET) } / (2.*A

)
BB - 2.*YC1+5Y 4 (RPIL"24ARC"2))/(2.'51)

DET) }/ {2-*A)
C2+SY + (RFIL®+2-ARC*+2))/(2.%52)
TEEN

LINE # SOURCE TEXT
207 | Treeeairkureaniiansery Trakvaearniesacaryyl TOEIED
208 ! SUBROUTINE CIRC " KMAX,Y,Z,RFTL, ARCORR}

ilet RFIL,
by the filst




SOURCE PROCRAM

samgrid.f

DATE

TIME

ViAW —OG

QM

VY Ja N

R

F IO oriry

Sb&

ane

e alaniins

HO:00 L0

2

i
iy
09:001 00100 o

v

Bididnidni il bin

SY(1))
TEE NEW POINTS XNEW(I), 1'1,
ARRAY YNEN(I) TBE ALGORY TEM
i TLAND IN SIAN 2

ano60aan ‘.onopninnnnnnon n

N-1
B(I) = X(I*l) - X(I)
100 CONTINUE
C

DEL(I} = (Y(I+l) - Y(I)) / K{I)
200 CONTINUE

‘aaano

EG. %)
D(1) = DEL(1)
D{N} = DEL(1)

TO 359

acanan

) "(2)
WL = (H(l) + ISIIH) / BSUM
W2 = -H(l) / ESUM
D(1l) = lu-osl.(l) + W2*DEL({2)
IF (PCBST(D(I) DEL{1l}) .LE. 0.) THEN
D(l) =
ELSEIF (pcns'r(nn.(l) DEL(2)) .LT. 0.) THEN
DMAX = 3, +DEL(1
IF (ABS(D(1)) c'r ABS(DMAX)) D(1) = DMAX
DIF

. /'8
I=2,8-1
= DEL({I-1) * DEL(I)
= TOP * .5« (1. + SIGN(1.,TOP})
ALPHA = CONST * (H(I-1) + 2.+H(I)) / (B(I-1) + H(I)
BOT = ALPHA « DEL(I) + (1.-ALPHA) + DEL(I-1) + 1.E-20
=~ TOP / BOT

= H{(N"2) Y H{NT)
W1 = -H(N-1) / BSUN __
W2 = (B(N-1) + BSUM) / ESUM
D(N) = W1*DEL(N-2) + W2¢DEL(N-1)
IF (Pcnsr(nw) DEL{N-1)) .LE. 0.) THEN
D(N) =
ELSEIF ( pcns'r(nm.(n 2),DEL(N-1)) .LT. 0.} THEN
DMAX = 3.*DEL(N-1)
IF {ABS(D(N}) .GT. ABS(DMAX)] D(N} = DMAX
ENDIF

355 GONTINUE

annaonoon o

DO 400 J=1,N-1
CTHREE = (D{J) + D{J+1) = 2.¢DEL(J}) / (H(J]*H(J}}
) CTHO = (3.+DEL{J) - 2.%D(J) - D(JI+1}) / H(J)
. IBEG = IEND
J CRAY .o IEND = TSRCHFGE(NNEN, XNEW, 1, X{3+1j} 100 CRAY"
IEND = ISRCHGE(NNEW,XNEW,1,X{J+1)})  10n WK
DO 500 I=IBEG,IEND-1
T = INEW(I) - X(7)
YNEW(I) = Y(J) + T*(D(J) + T*(CTWO + T+CTHREE)}
500 CONTINUE
400 CONTINUE -
..oy SXNERQI) . X(¥)

DO 600 1=IEND,NREW
T = XNEW(I) - X{N-1}
YNEW(I) = Y(N-1) + T*{D(N-1) + T+(CTWO + T+CTHREE))
CONTINUE

RETURN
END

’Nnv-o**itno

)

KEsnasanNNARIAY




1 ATE. | wmoamwm 2
SQURCE PROCRAM 1 DAY 7/07/754 | PACE #

samgrid.f TME  4:18:56 pm 6
@7@5]«‘ - 5 ‘.. 5

RETURN
END




SOURCE PROCRAM

samgrid.f

SOURCE TEXT

DATE

7/07/94 | races

TIME

4:18:;

56 pm

7

FUNCTION ISRCHGE(N, X, INCX, FTARGET)
DIMENSION X(+)
IF(N.LE.O) THEN

ISRCHGE = ¢

IT = 1 4 (N-1] * INCX
ISRCHGE = 1
DO 10 I=1,1IT,INCX
IF(X(I).GE.FTARGET) GOTO 11
ISRCHGE = ISRCHGE + 1
10  CONTINUE
11  CONTINUE
ENDIF
RETURN
END




- [ LA KA,

TIME  4:18:56 pm

SOURCE PROGRAM

samgrid.f

SOURCE TEXT

SUBROUTINE CUSTER
include rggrid.com™

DIMENSION YWK(NPI) , ZWK (NPT}

L2 = L-1

NFUS = KDIM - NPTS

NBOT = NFUS/2 * 1

NTOP = NFUS/2 + 1 )

Do QODALI’-MI,LZ VVVVVVV .
- Npte: I am leavimg the Bose and the wake alope ...
IE‘(ABS(Y(LL,NBOT)-Y(LL,KDIH—NTOP*I))Al.!:.l.B—?) THEN
RETURN
_ENDIF

‘Do the bottom fixst
po 10 K=1,NBOT
YINT(K) = Z(LL,K)
ZINT(K) = Y(LL,F)
CONTINUE
FGSP = sowr((z4LL,Nno-r)—z(LL,um1))--2 +
(Y(LL,Nmn—nu,mu))nz )
CALL nlsnncwm'r,zxm,m,yn,zux,uso-r,msp,n
po 80 K=1,NBOT
Y(LL,K) = IWK(K)
2(LL,K) = YWK(K)

the top
pO 106 X=1,NTOP
YINT{K} = ¥ (LL,K+(KDIM-NTOP})
ZINT(K} = 2(LL, K+{ KDIM-NTOP}}
CONTINUE
N1 = (KDIN-NTOP)
N2 = [KDIM-NTOP)-1
FGSP = sonuzux.,m)-zu.x.,m))nz +
(Y(LL,Nl)-Y(LL,NZ))"Z )
CALL nxsnncwm’r,z.m'rmsar,m,zux,ump,msv,m
po 180 K=1,NTOP
Y(LL, X+ ({KDIM-NTOP})) = YWK(K)
2({1L, K+{KDIM-NTOP}) = ZNK(K)
CONTINUE . L )




SOURCE PROGRAM

samgrid.f

DATE

7/07/94

SOURCE TEXT

PAGE #

NG MERENER

PO S S A S vhivhivih

an;

70

For FGs
IP{¥6$.6T.0.) THEN

LOR. MAX.LE.NNEW) THEN

{(X,¥) by ‘subroutine Y
5 the titst gzid spacin

fote that

NRITE(' *) "SUB DISTARC : MAX is less than N or NNEW'

1 4],
'IO'I'ARC(I) = 0.
DO 10 K=2,N

ARC = SQRT{ (X(E)}-X{R-1}}**2 + (Y(K)-Y(K-1))**2 )
TOTARC(K]} = TOTARC(K-1) + ARC

t: ;
equal ‘spacing 1is used

DELT=FGS/TOTARC(N)

CALL DISTRI{DELT, NNEW,S,IFLAT)
ELSE

S(1) = 0.

DO 25 K=2,NNEW

S(K) = S(K-1) + 1./FLOAT(NNEW-1}

CONTINUE

ENDIF

temporary liinys

»=x(1)
TN(1)=¥(1)
XN{NNEW)=X (N}
TN(NNEW)=Y

EN
" $(J) *TOTARC (N}
DO 55 K = 2,N
IF{ABS(TOTARC{K)-ARCNEK) . LE.1.E-7) THEN
XN(J} = X(K}
YN(J)} = Y(K}
GOTO 60
ENDIF
xr(mﬂmcrx) GT.ARCNEW) THEN
= X(K-1)
- X(K)
Y1l = Y(K-1}
= Y(K)
= XL + (X(K)-X(K-1))*

{ ARCNEN-TOTARC(K-1) ) /{ TOTARC(K)-TOTARC(K-1})

CALL LININT(X1,X2,YI,Y2,XX,YY)
XN(T) = XX
IF(ABS(X1-X2).LE.1.E-7) THEN

YN(J) = Y1 + (ARCNEW-TOTARC(K-1)}

CONTINUE

DO 70 J=1,NNEW
ANEW(J) = XIN(J)
YNEW(J} = YN(J)

CONTINUE

RETURN

END




SOURCE PROGRAM

samgrid.f

SO URCE TEXT

Qaaan

SUBROUTINE DISTRI (FANG,KFCS,S,IFINE)
PARAMETER (MAX=400)
DIMENSION S(MAX),DUM(MAX)

e stretohing funotion S when given )

IF(HAX.LE.KPCS) THEN
WRITE(+*,*)'SUB-DISTRI : MAX is less than KFCS'
STOP

ENDIF

IF(KFCS.EQ.1) THEN
S(1) = 0.
GOTO 40

ENDIF

D21 = FANG
KFM ~ KFCS-1
DZETA = 1./FLOAT(KEM)
RDBETA = 1.5
CALL GRBET(DZ1,KFM,0.0001,100,RDBETA}
CALL FZ1(KECS,RDBETA, DZETA \,S)
(I -EG. )THBN
DO 37 K=1,KFCS
DUM(XFCS-K+1) = §(X)
CONTINUE
DO 38 X=1,KFCS
S{K) = 1.-DUM(K)
CONTINUE
ENDIF
CONTINUE
RETURN
END

ating
the first spacing, FANG, and the pumbher of points EFCE
f I!‘IK!I-I dhuibution 15 cusltuinq at ouuu gzid

7/07/94 | Paces




LINE #

SOURCE PROGRAM

samgrid.f

SOURCE TEXT

DATE

7/07/94

4:18:56 pm

PACE #

LEERRR AR R A SRS A R R AR el LA R 3 . FeesNiksy

200
210

280

300
500
700

SUBROUTINE EDGE(NC,NU,NL,XL,XBK,XBASE, YBASE, ZBASE, NPK , 15 )
DIMENSION ZBASE(NPK,2,1S),XBASE(NPK,2,LS),YBASE(NPK,2,LS)

ZLE = ZBASE(1,1,1} -
DO 200 K =1,NC
IF{XBASE(1,1,K).GT.XBK) THEN
X1 = XBASE(1,1,K-1)
X2 = XBASE(1,1,K )
Z1 = ZBASE(1,1,K-1)
22 = ZBASE(1,1,K )
CALL LININT{X1,X2,21,23,XBK,ZBK)
GOTO 210
ENDIF
CONTINUE
CONTINUE

DO 500 K=1,NC
IF(ZBASE(1,1,K).GT.ZBK) GOTO 700
CALL LININT(ZLE,2BK,XL,XBK,ZBASE(1,1,K),XLE)
XLEOLD = XBASE(l,1,K)
XTL = XBASE(NL,1,K)
DO 280 I=1,NL
F = XBASE(I,1,K)-XLEOLD
E = XTL-XBASE(I,1,K)
XBASE(I,1,K) = (P*XTL + E*XLE)/(F4E)
CONTINVE
XTL = XBASE(NU,1,K)
DO 300 I=1,NU -
F = XBASE(I,2,X)-ILEOLD
E = XTL-XBASE(TI,2,K)
XBASE(I,2,K) = (FAXTL + E*XLE)/(F+E)
CONTINUE
CONTINUE
CONTINUE
RETURN
END

i




SOURCE PROGRAM

samgrid.f

SOURCE TEXT

NENENE NG
1

i
i

oxo

v
D!

S
I}

Y

e

120
130

140

145

150
160

TEANR ARk

SUBROUTINE EQSPACE
include "sgrid.com”
L2 = L-1

DO 130 LL=1,L2

XIN(LL} = X{LL)

DO 120 K=1,KDIM
ZIN(LL,K) = Z(LL,K)
YIN{LL,K) = Y{LL,K)

CONTINUVE

CONTINUE

ATOT = X(L2}-X(1}
DX = XTOT/FLOAT(L2-1)
DO 160 JL=2,12
X(JL) = X(IL-1)+DX
po 150 KL=1,L2

IF(ABS(XIN(KL}-X(J1)) .IE.

DO 140 K=1,KDIM
Z(KL,K) = ZIN(JL,K)
Y(KL,K) = YIN(JL,K)

CONTINUE

GOTO 160

ENDIF
IF(XIN(EL).GT.X(JL)) THEN
DO 145 E=1,¥DIM
XIN(KL-1)
XIN(KL)
YIN(KL-1,X)
YIN{EKL,K)
ZIN(KL-1,K)
ZIN(KL,K}
X% = X(IL)

"
~
‘FERERR

CALL LININT(X1,X2,¥1,Y2,XX, YY)
CALL LININT(X1,X2,21,22,XX,22)

Y{JL,X) = YY
2(JL,K) = 2%
CONTINUE
GOTO 160
ENDIF
CONTINUE
CONTINUE
RETURN
END

w'(n'n’»g_{u}_g'-;;\‘"ﬂii’@’@'ﬁ“i&n‘o'éi'ﬂ’uuuwnu-oﬂunonn

1.E-7) THEN




SOURCE PROGRAM DATE 7/07/94 | PACE#

samgrid.f

18:56 pm

SOURCE TEXT

aann.iitﬂuowittt'oqiiitt'nittﬁ'toiilit'tt‘iilﬂm-iiiiiﬁitoti\\ﬁfﬁat\\it
SUBROUTINE FILET{Y,Z,6XDIM,MBl,MB2,MT1,MT2,RFIL)

PARAMETER (MAX=400)

DIMENSION Z({KDIM),Y{XDIM)
DIMENSION D1{MAX),D2(MAX)
COMMON /REF/ ZROOT, KTIP , ARCORR

ﬂmduﬂ
“Apdl then, for examp
extend
KPL=K-MB1, KF2=K+MB2,
gimilar procedure for tha
Apd then, call subroutine CI;CI.!: to repla
of L) circle with :idiul R!IL

AAAAANAOONN

IF(RFIL.EQ.0.) GOTO 735

IF(MAX.LE.KDIM) TEEN

WRITE{*,*)'SUB FILET : MAX is less tban KDIM'
STOP
ENDIF

NS NS SN N N

QO OO

DO 130 K=1,KDIM
IF (K.LE.KTIP .AND. Z(K).GT.ZROOT) THEN
FF1=K-MB1
KF2=K+MB2
_CALL CIRCLE(KF1,XF2,KDIN,Y,Z,

Ve L

anono

AJ:I‘NSNQ\I\I\AN\I\A\&\}

L nta
i3 apacing looks

EF1=KFP1+1
KF2=KF2+1
DO 220 KD=KF1,KF2
D1(KD-KF1+1) = Y(KD)
D2(KD-KF1+1) = Z(KD)
220 CONTINUE
N=KF2-KF1+1
CALL DISTARC(DZ,D1,N,D2,D1,N,-10.,0)
DO 330 KD=KF1,KF2
p Y({KD)=D1({KD-KF1+1)
Z{KD)=D2 (KD-KF1+1)
47 130 CONTINTE
GOTO 135
ENDIF
130  CONTINUE
135 CONTINUE

N

NN

01 ¢ Téyngurt of the aircraft::
IF{MT1.EQ.0 . AND. MT2.EQ.0) ¢OTO 735

y Do 700 F=KTIP,KDIM

74 IF({K.GT.KTIP .AND. Z({K).LE.ZROOT) TEEN

144 KF1=K-MT2

745 KF2=K+MT1

74 CALL CIRCLE(KFL, KF2, KDIN,Y

WeEFI-KFL41 pta oy ore
¢ ginl gxia and odletnbute s, 14 spaving looks

e

NN N S N N NN N

,Z,RYIL

, ARCORR)

i~

~

00
aaan

I KF1=KF1+1
2 KF2=KF2+1
3 DO 420 KD=KF1,KF2
4 D1(KD-KF1+1) = Y(KD)
S D2(KD-KF1+1) = Z{XD)
6 | 420 CONTINUE
N=KF2-KF1+1
CALL DISTARC(D1,D2,N,D1,D2,N,-10.,0)
DO 530 KD=KF1,KF2
Y(KD)=D1(KD-KF1+1)
Z(KD})=D2 (KD-KF1+1}
530 CONTINUE
GOTO 735
ENDIF
700  CONTINUE
735  CONTINUE

SERENESENEN

Y

RETURN
END

NN NN SN N N

lrdatiienae
(2]

i

O




SOURCE PROCRAM

DATE 7/07/94 ‘ PAGE #
samgrid.f

TIME  4:18:56 pm

14

LINE # SOURCE TEXT
770 ] Frsavestazaseniisiioarinker inaiiirisaioe : SRR AATR A
;;; SUBROUTINE F21(L1,TBETA,DET,Z) )
_;;3“ c COMPUTES NORMALIZED NORMAL DISTANCE, 2{Lj
L Ar4lC Do R ST T
775 PARAMETER (MAX=400)
776 DIMENSION Z{MAX)
177
178 IF(MAX.LE.L1) THEN
9 WRITE(*,*)'SUB F21 : MAX is less than L1'
780 STOP
;i ENDIF
L )
L€ IF(TBETA.EQ.1.) THEN
7 DO 10 I=1,L1
78 2(L)=0.
78 10 CONTINUE
78 ELSE

DO 20 L=1,L1
ETA=(L-1)*DET
RR=(TBETA+1.)/(TBETA-1.)
. EEE=1.-ETA
. RBETA=RR*+EEE
Z{L)=(TBETA-1.) *(RR-RBETA)/(RBETA+1.)
4 20 CONTINUE
5 END IF
6 RETURN
END

g i
AD 00:00:




SOURCE PROCRAM

samgrid.f

SOURCE TEXT

DATE

7/07/94 | PACE#

TIME

4

18:56 pm

15

annn

;

3

o

onio
ety

OS5 o

VE

i S s 09 O enh
O “EQM VT il a

10
15

T
100
4

aa

coN
CUWRTTEG, 100) BETA,F - R
FORMAT({1HO, 368 EXCEEDED MAX. NO. OF n-s

UCKEL FEA (3 BEIA;DEY, 1)
Fez(i)-zt ‘

BISEC‘I’!ON NE'!'BOD
WHICH GIVES DESIRED dY A'l' 'I‘HE WA

pumen“‘(mx-wo )
DIMENSION Z(MAX)
IF(MAX.LE.NPT) THEN

WRITE(*,*)'SUB GRBET : MAX is less than NPT’

STOP
ENDIF

ICCL=ICC
FPCCL=FPCC*DFM
BETA1=BETA

Z1=DFM

DET=1./NPT

BR=1.

FR=-21

IICC=1CC/10

DO 10 I=1,T1ICC
BF=BETAL
BETA=0.5¢(BETAL+1. )
CALL FZ1(3,BF,DET,Z)
FF=2(2)-21
IF(FF.GT.0.) GO TO 15
BETAL=2.*BETA1-1.
CONTINUE

CONTINUE

DO S NIT=1,ICCL
CALL FZ1(32,BETA,DET,Z)
F=2(2)-71
IP{F.CT.0.) THEN
Fr=-F

BF=BETA

ELSE

FR=F

BR=BETA

END IF

BETA=0.5* (BF+BR)

IP(ABS(P).LT‘FPCCL) GO TO ¢
TINUE

CONTINUE

BMi=BETA-1.
BFM1=BF-1.
BRM1=BR-1,
RETURN

END

ED TO DIJTE'RMINB STRE'I'CIXMG anm,




DALE ¥
¥ = =

SOURCE PROGRAM T T T T DATET T~ 7/07/94 ]

samgrid.f :18:56 pm 16

SOURCE TEXT
PRy

X _‘g"juq93‘{“-algﬁuitfﬁast‘&g‘gﬁir'{iy'q;_n'«‘ ,
SUBROUTINE LININT(X1,X2,Y1 ,Y2,XLOCAL,YLOC
This subroutine linearly interpolate YLOCAL when given (X1,Y1) & (X2,Y2)
TF(ABS(X1-X2).1E.1.E-7) THEN
YLOCRL= (Y2+4Y1)/2.
GOTO 100
ENDIF
SLOPE = (Y2-Y1)/(X2-X1)
YLOCAL = SLOPE*{XLOCAL-X2) + Y2
CONTINUE
RETURN -
END




SOURCE PROGRAM DATE 7/07/94 | PAGE#
samgrid.f 418:56 pm

SOURCE TEXT

include ®sgrid.com"

DIMENSION NPAIR(2,NPI),LNUM(4)

DIMENSION YWK(NPI),ZWK(NPI), YNAC(NPI), ZNAC(NPI)

DIMENSION YWNG(2+NPI), ZNNG(2*NPI)

COMMON /ENG/ XENG(2,NPI),YENG(2,NPI ,NPI}, ZENG(2,6NPI, NPT}
1 MNAC(2)  MNACP(2)

(SENG, YENG, 2ENG)

anaANnNnNonon

MC = 40 -
NPWN = NPTS+MC
TF{INUM{1).EQ.LNUM({3) .AND. LNUM(2).EQ.LNUM(4)) THEN
NPTS = NPTS + MC
NPWN = NPTS + MC
ENDIF
NPH = (NPTS+1}/2
NPWNH = (NPWN+1)/2

Now the big jobl
Do 800 L=

00 0d0 n

Interpo f £he Bacelle :
DO 100 IN=]1,NNAC
IF(ABS{XENG{JN,LN)-XOUT(L,1)).LE.1.E-7) THEN
DO K=1,NNACP
YNAC(K) = YENG({JN,IN,K)
ZNAC(K) = ZENG (JN,LN,FK)
ENDDO
GOTO 105
ELSEIF(XENG(JN,LN) .GT.XOUT{L,1}} THEN
DO K=1,NNACP
X1 = XENG(JN,LN-1)

Y1 = YENG(JN,LN-1,K)
21 = ZENG{JN,LN-1,K)
X2 = XENG(JN,LN )

-
Y2 = YENG(JN,LN ,K)
= ZENG(JN,LN ,K)
XX = YOUT(L,1)
4 CALL LININT(X1,X2,Y1,Y2,XX,YY)
CALL LININT(X1,X2,21,%22,XX,22})
16 YNAC(K) = YY
ZINAC(K) = 22
ENDDO
GOTO 105
ENDIF
1 100 CONTINUE
: 21105 CONTINUE
-] 921 RADNAC = SQRT({ (ZNAC(1)-ZNAC(NNAC/2))**2 +
. (YNAC (1)-YNAC{NNAC/2)}*%2 )

c Count ‘the Dumber of points in the wake if we ‘ate in the weke
KOUNT = 0
B DO 120 K=1,NPH-1
£ K1=NPH-K
K2=NPH+K
1F({ABS{YOUT{L,K1)-YOUT(L,K2)).1E.1.E-7 .ANI
1 ABS (ZOUT(L,K1}-ZOUT(L,K2)).LE.1.E-7 ) THEN
KOUNT = KOUNT + 1
NPAIR(1l,KOUNT) = K1

D.

s

35 NPAIR(2,KOUNT) = K2
6 ENDIF
120 CONTINVE . . . . .
c : . T . e
C Nacelle totally under tha wing, INTRAIL =~ O
40| ¢ Part under the wing, part in the wake, YHYRAL
41 | c Racelle totally in the wake, INTRAIL =2
42 INTRAIL = 0
4 IF(KOUNT.EQ.0) GOTO 415
944 IF(ZOUT(L,NPAIR(1,1)).GT.INAC(1  }) INTRAIL=1
45 IF(ZOUT(L,NPAIR(1,1)).GT.INAC{NNACP)) INTRAIL=2
46 | write{*,*) INTRAIL = ' ,INTRAIL
47 IF(INTRAIL.NE.2) THEN
48 | We are not in the wike region or the tralling edge
49" GOTO 415 ’ ’

0 ELSE o
: c “We are ip the wake region or the trailing edge
5 WRITE(*,*)'We are in the wake region'

53 NTEMP = 1
9541 130 CONTINUE L
55 ¢ Obtain all points Upsder the wake line
6 DO 180 K=1,KOUNT
IF{ZOUT(L,NPAIR(1,K)).LT. ZNAC(NTENP)) THEN
KS = K
rl = abs{zout{L,NPAIR(1,K))-zout(L,NPATR(1,K+1)))
r2 = abs{zout({L,NPAIR(1,K))-ZNAC(NTEMP))
if(r2.le.rl/8.) KS=K+l
IF{YOUT(L,NPATR(1,K5)).LT.YNAC(NTEMP}} THEN
NTEMP = NTEMP + 1
GoTO 130
ENDIF
GOTO 185
ENDIF
180 CONTINUE
185 CONTINUE
NS = NTEMP

IF(NS.NE.1) THEN
CALL LININT{YNAC(NS-1),YNAC(NS),ZNAC(N5-1),2NAC(NS},

s YOUT{L,NPAIR(1,KS)),22S}
YYS = YOUT(L,NPAIR(1,IS))
ELSE
CALL LININT({ZOUT(L,NPAIR(1,KS)),ZOUT(L NPAIR(1,KS)-1},
. YOUT{L,NPAIR(1,KS) ), YOUT(L,NPAIR(1, KS}-1},
! INAC (NS}, YYS)
775 = IZNAC(NS)
ENDIF

NTEMP = NNACP
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200
1 215

230
235

260

CONTINUE
IF{INTRAIL.EQ.2) THEN
DO 200 K=1,KOUNT
IF{ZOUT{L,NPAIR(1,K)).LT.ZNAC(NTEMP)) THEN
XE = K-1
IF{YOUT({L,NPAIR(1,KE)}.LT.YNAC(NTENP)) THEN
NTEMP = NTEMP - 1
GOTO 190
ENDIF
GOTO 215
ENDIF
CONTINVE
CONTINUE
NE = NTEMP
IF(NTEMP .NE.NNACP) THEN
CALL LININT({YNAC(NE-1),YNAC(NE),ZNAC(NE-1),ZNAC(NE},
s YOUT(L,NPAIR(1,KE}),ZZE)
YYE = YOUT{L,NPAIR(1,KE})
ELSE
CALL LININT{ZOUT{L,NPAIR(1,XE)),Z0UT(L, NPAIR(1,KE)+1),

1 YOUT(L,NPAIR(1,XE)} ,YOUT(L,NPAIR(1,KE}+1),
1 ZNAC (NE) , YYE}
ZZE = ZNAC(NE}
ENDIF
ELSE
DO 230 K=1,NPE
n'(zou'r(x. X).GT.ZNAC(NTEMP)) THEN
XE =
xr(Yov'r(L,xt:) LT.YNAC(NTENP)} THEN
NTEMP = NTEMP - 1
GOTO 190
ENDIF
COT0 235
ENDIF
CONTINUE
CONTINUE
NE = NTEMP
CALL LININT{ZOUT(L,KE},%0UT(L,KE-1),YOUT(L,KE), YOUT(L,KE-1),
[ ZNAC(NE} , YYE}
ZIE = INAC(NE)

ENDIF

tace

‘Stors wingroot grid
DO K=1,NPAIR(1,XS)
YWNG(X) = YOUT(L,K})
ZWNG(K) = ZOUT(L,K)
ENDDO

Do K-NPAIR(l n:) NPE
YINT{K-NPAIR(1,KE)+l) = YOUT(L,¥)
ZINT{K-NPAIR(1,KE)+1) = ZOUT(L,K)

ENDDO

ELSE
DO K=KE,NPR
YINT{X-KE+1) = YOUT(L,K)
ZINT{X-KE+1) = ZOUT(L,K)

ENDDO
ENDIF
Get the nacelle grm undexr the wake lise rusdy
NADD = NE-NS+1 +
YWE(Ll) = YYS
2ZWK(1) = 22§
YWK(NADD) = YYE
ZWK(NADD) = ZZE
DO K=NS,NE

YWK{E-N5+42) = YNAC(K)

ZWK{K-NS+2) = INAC({K)
ENDDC
IF{INTRAIL.EQ.2) THEN

NNACC = NPWNH-NPAIR(1,KS)-(NPH-NPAIR(1,KE)+1)
ELSE

NNACC = NPWNH-NPAIR(1,KS)-(NPH-KE+1)
ENDIF
CALL DISTARC(YWK,ZWK NADD, YWK, ZWK,NNACC, -10, 0)
Stick the nacelle grid u_x_q!_nr,_the v‘Lng B, .
DO X=1,NNACC

ZWNG(NPAIR(1,KS)+K) = ZWK{K)

YWNG(NPAIR(1,KS)+K) = YWK{K)
ENDDO
Put hack the \dagtlp grid 1ato the wipg '
IF(INTRAIL.EQ.2

KREP = NPB- NPAIR(!. KE)+1

DO K=-1,KREP
ZWNG(NPAIR({1,KS)+NNACC+K) = ZINT(K)
YWNG(NPAIR{1,K5)+NNACC+K} = YINT(K)

ENDDO

ELSE

KREP = NPH-KE+1

DO K=1,KREP
ZWNG(NPATR{1,K5)+NNACC+X) = ZINT(K)
YWNG(NPAIR{1,KS5)+NNACC+K]} = YINT(K)

ENDDO

ENDIF
NWNACE = NPWNE

!'ozn the upper. suttnoe o

’ stoxs thn wingtip qxid
IF(INTRAIL.EQ.2) THEN
DO K=NPH,NPAIR(2,KE}
YWNG(NWNACH+K-NPH) = YOUT(L,K)
ZWNG(NWNACH+K~-NPH) = ZOUT{L,K)
ENDDO
N1 = NWNACH+NPAIR(2,KE}-NPH
ELSE
DO K=NPH,NPTS
IF(ZOUT(L,K).GT.2ZE) TBEN
FN1 = X
GOTO 260
ENDIF
ENDDO
CONTINUE
DO K=NPH,KN1
YWNG(NWNACH+K~-NPH) = YOUT(L,X}
ZWNG(NWNACH+K-NPH) = ZOUT(L,K)
ENDDO
N1 = NWNACH+KN1-NPH
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590
595
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415

Bottom paxt U mmmavnme s
£ !td,,v,u,tlt.he. points that helng teplaced

ENDIF
8tore the wingroot griﬂ to a
DO K=NPAIR{Z2,kS),NPT$

YINT{K-NPAIR(2,KS)+1) = YOUT(L,K)
ZINT(K~NPAIR(2,KS)+1) = ZOUT(L,K)

" Get ‘thé pacelle grid above ‘the Wike lise ready
NADD = NNACP-NE + NS-1 +2
YWK({l) = YYE
IWK(l) = Z2E
DO K=NE+1,NNACP

YWK(K-NE+1) = YNAC(K}
ZWK{K-NE+1) = 2NAC(K)
ENDDO
DO K=1,NS-1
YNK(NNACP-NE+14K) = YNAC(K)
ZWK(NNACP-NE+1+K) = INAC(K)
ENDDO
YWK(NADD) = YYS
ZWK(NADD) = 22§
CALL DISTARC(YWK,ZWK,NADD, YWK, ZHK,NNACC,-10,0)

. Stick the EACelle grid above the wing ~ o

oSNt oo ahe : ing IR
ZNNG(N1+K) = ZNK(K)
YWNG(NI+K) = YWK(K)
ENDI

| ‘temp array

DO
Fut back the vingroot grid ihto the wing
EREP = NPTS-NPAIR(2,KS}+1
DO K=1,KREP

ZWNG (N1+NNACC+K) =~ ZINT(K)
YWNG (N1+NNACC+K) = YINT(K)
ENDDO
GOTO 700
ENDIT

8o
42

NTEMP
CONTINUVE
DO 440 K=1,NPH
IF{ZOUT(L,K).GT.2NAC(NTEMP)} THEN
KS = K-1 N
rl = abs({zout(L,XS)-zout(L,¥5-1))
r2 = abs(zout{L,KS)-ZNAC(NTEMP))
if(r2.le.r1/8.) then
KS=KS-1
endif
IF(ABS{YOUT(L,KS)-YNAC(NTEMP) ). LE.RADNAC/800. ) THEN
NTEMP = NTEMP + 1

CALL LININT(20UT(L,KS),20UT(L,K$+1),YOUT(L,KS),
YOUT(L,KS+1), ZNAC (NTEMP) ,YYS )
2Z8 = INAC (NTEMP)
GOTO 445
ENDIF
CONTINUE
CONTINUE
NFRIS = NTEMP

NTEMP = NNACP
CONTINUE
DO 460 K=KS+1,NPH
IF{ZOUT(L,K).GT.ZNAC(NTEMP)) THEN
KE = K
IF{ABS(YOUT(L, KE)-YNAC(NTEMP) ). LE. RADNAC,/800. ) THEN
NTEMP = NTEMP - 1
GOTO 450
ENDIF
CALL LININT(ZOUT(L,KE-1),20UT{L,XE},YOUT(L,KE-1},
YOUT(L,KE) , ZNAC(NTEMP) ,YYE)
ZZE = INAC(NTEMP)
GOTO 465
ENDIF
CONTINUE
CONTINUE

Store wingroot grid
DO 500 K=1,KS
YWNG(K) = YOUT(L,K)
ZWNG({K) = 20UT(L,X)
CONTINUE
Get the pacelle grid under the wake line ready -
N2 = NFRIE-NFRIS+1 +3 ~ o o
YINT(1 ) = YYS
ZINT(L ) = 218
YINT(N2) = YYE
ZINT(N2) = ZIE
DO 520 K=NFRIS,NFRIE
YINT(K-NFRIS+2) = YNAC(K)
ZINT(K-NFRIS+2) = INAC(K)
CONTINUE
NNACC = NPWNH-KS-(NPE-KE+1)
CALL DISTARC(YINT,ZINT,N2,Y
Stick the nacelle grid unde
DO K=1,NNACC B v
ZWNG(KS+K) = ZWK(K)
YWNG(KS+K) = YWK(K)
ENDDO
Put the wingtip grid
DO 540 K=KE,NPH
YWNG (KS+NNACC+K~-KE+1) = YOUT(L,X)
ZWNG (KS+NNACC4K-KE+1) = ZOUT(L,K)
CONTINUE

ZWK,NNACC, -10, 0)
e wing -

Upper part
DOP§9OPX-NPH ,NPTS '
IF(ZOUT(L,K).LE.ZNAC(NFRIE)) THEN
NNl = K-1
CALL LININT(20UT(L,NN141}),20UT(L,NN1),YOUT(L,NN1+1),
YOUT(L,NN1), ZNAC(NFRIE), YY1)
ZZ1 = INAC(NFRIE)
GOTO 595
ENDIF
CONTINUE
CONTINUE
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223 DO 600 K=NPH, NPTS
224 TF({ZOUT(L,K).LE.ZNAC{NFRIS}) THEN
1225 NN2 = X
226 CALL LININT(ZOUT(L,NN2},ZOUT{L,NN2-1),YOUT(L NN2),
227 1 YOUT(L,NN2-1}, ZNAC(NFRIS),YY2)
122 222 = ZNAC(NFRIS)
22 GOTO €05
2 ENDIF
231 | 600 CONTINUE
CONTINUE

Store the wingtlp grid.
DO 620 K=NPH,NN1
YWNG (NPWNE+K-NPH} = YOUT(L.K)
ZWNG (NPWNH+K-NPH) = Z2OUT(L,K)
CONTINUE . ... .. . IR
Redistibute the points sbove the paceile
N2 = NN2-NN1+1
YHK(1 } = YY1
ZWE(1 } = 221
YWK(N2) = YY2
ZWK(N2) = 222
DO K=NN1+1,NN2-1
YWK(K-NN1+1) = YOUT(L,K)
ZWE(K-NN1+1) = ZOUT{L,K)}
ENDDO
NNA = NPWNH-(NN1-NPH+1)-(NPTS-NN2+1)
CALL DISTARC{YWK,IWK,N2,YNK, ZNK,NNA,-10,0)
NNT = NPHNH+(NN1-NPH)
DO K=1,NNA
YWNG (NNT+K)} = YWK(K}
ZWNG (NNT+K} = ZWNK(K)

“Store the wibgrodt gefd
DO E=NN2,NPTS
YWNG (NNT+NNA+X-NN2+1) = YOUT(L, K}
ZWNG (NNT+NNA+K-NN2+1) = ZOUT(L,X)
60| 700 CONTINUE
- L1ebl IF(IPRNT.NE.O) TEEN
WRITE(IPRNT)({XOUT(L,1),K=1,NPWN),
(YWNG(X),%=1,NPWN),
{ ZWNG(K) ,K=1,NPWN)
CALL FLUSH {IPENT)
ENDIF

|
o
-~

DO 750 K=1,NPWN
XOUT(L,K} = IOUT{L,1})
YOUT(L,K) = YWNG(K)
20UT{L,K} = ZWNG(X)

750 CONTINUE

— SO~V

300  CONTINUE
IF(INUM(1).EQ.INUM(3) .AND. LNUM(2).EQ.INUN(4)) THEN
NPTS = NPTS - MC
ENDIF
RETURN
END

101

NN N NN N N Ox

e
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SOURCE TEXT

KECATHITLRASSAVA XA QN b shaann

L DR R At R R ekt A e boit bk do ko
SUBROUTINE NACGRID

include "sgrid.com™
Thia subroutine ry

ombine it with the

annn

COMMON /ENG/ G{2, NP1}, YENG{2, NPT, NPT) , ZENG (2, NPT ,NPY )
D ,MNAC{2} ,MNACP(2)
COMMON /NACG/ XNAC{NPI},YNAC(NPI,NPI),ZNAC(NPI NPI}
COMMON /NDIM/ NNAC,NNACP,LNUM(4)
Q- ‘Coordinate of wngine
4.€ _stations 1in nacelle .. -
le ats in edch station
c Te
i
C-
c
1298 | ¢
1299 ) €. snpel
300 CALL NACIN
01 XIN1L = INAC(1)
J XIN2 = INAC(NNAC)
MNAC(1) = NNAC
304 MNACP(1) = NNACP
05 DO 100 L=1,NNAC
1306 XENG(1,L) = XNAC[L)
307 DO 80 K=1,NNACP
J308 YENG(1,L,K) = YNAC(L,K)
30 ZENG(1,L,K) = INAC(L,K)
80 CONTINUE

XOUT1 = XNAC(1)
[ XOUT2 = XNAC(NNAC)
MNAC(2) = NNAC
MNACP(2) = HNACP

DO 200 L-1,NNAC

. XENG(2,L) = XNAC(L)

2 DO 180 K=1,NNACP
4 YENG(1,L,K) = YNAC(L,K}
ZENG(2,L,K) = ZNAC(L,K)
4] 180 CONTINUE

[yl
Qo
o

N00ANAAROONNA

The Eone; o
WRITE{*,*)'zone 1°'
JN = 1

CALL NEWING(LNUM,XIN1,XOUT1)
CALL MOUNT(JN,LNUM, 21)
INUM(3) = LNUM(1}) -
LNUM(4) = LNUM{2)

OO0

.

Vo

1€ The second sobe consists twd necelles sppear
WRITE(*,*)'zone 2'
| 348 JN =1
49 CALL NEWING (LNUM,XOUT1,XIN2)
C LNUM(1) = LNUM(1l) + 1
CALL MOUNT(JN,LNUM,0)
ILNUM(3) = INUM(1)
INUM

daidn Buidn dni o e ":“.hi'

08~

355 WRITE(*,*)'zone 2}

56 CALL NEWING{LNUM,6XOUT1,XIN2)
7 LNUM(1) = INUM(1) + 1

CALL MOUNT(JN,LNUNM,22)

INUM(3) = LNUM(1)

LNUM{4) = LNUM(2)

>

D

53] @7 The third wone, only ode naveXle appewrs NI ooy
54 WRITE{*,*}'zone 3}'

IN = 2

CALL NEWING (LNUM,XIN2,XOUT2)
INUM(1) = LNUM(1) + 1

CALL MOUNT(JN, LNUM, 23)
RETURN
END
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*'nuotit

20
24

30
35

40
45

55

310

£ tiitiatli‘kiﬁ."ﬂitﬁﬁnt‘iitiﬁ'itiiilﬁﬂﬂﬂiitﬁtt.)i.iﬂ*
SUBROUTINE NEWING(LNUM XX1,XX2)

include “sgrid.com™

DIMENSION XWNG{NPI,NPI), YWNG(NPI,NPI), ZWNNG(NPI,6NPI}

DIMENSION LNUM(4)

Rewrite the coordimste of the wing'. LI e T
DO 10 L=1,NSEC
DO 10 K=1,NPTS
XWNG({L,K) = XOUT(L,K}
YWNG(L,K) = YOUT(L,K)
ZWNG(L,K) = ZOUT(L,K)
CONTINUE

XNSTRT = XX1
ANEND = XX2

DO 55 NN=1,3
IF{NN.EQ.1) XX=XNSTRT
IF(NN.EQ.2) XX=XNEND
DO 50 LW=1,NSEC
_The wing section is vuy ‘close {:oa:;onj.l.‘s atation (INSTRT ox XNEND)

TF(ABS(XWNC (LW, 1)-XX) .LE. 1.E-7)
DO X=1,NPTS
XWG(W,K) = XX
ENDDO
LNUN(NN) = LW
GOTO 55
ENDIF
Lreate ap ‘extra sutlon 4in the wing

TP(IRNG (LW,1).6T. XX) TH

X1 = XWNG{LN-1,K)
= YWNG(LW-1,K)
= ZNNG({LW-1,K)
X2 = XNNG(LN ,K)
= YWNG(LW ,K)
22 = ZWNG(LW K
CALL LININT(X1,X2,Y1,Y2,XX,YY)
CALL LININT(X1,X2,21,22,XX,2Z)
Y(LW,K) = YY
Z{LW,K) = 22
ENDDO
T1f we are in wake, mMake surd top pts istersect the bottom pta
DO 24 K1=2, (Nn‘sﬁ)/
DO 20 K2-(NPTS¢1)/2+1 NPTS
TF(ABS{Y(LW,K1)-Y(LN,K2)).LT.1.E-6 .AND.
ABS(Z(LN,K1)-Z(LW,K2)).LT.1.E-6 } THEN
Y{LW,Kl) = Y(LW,K2)
Z({LW,X1) = Z(LW,K2)
GOTO 24
ENDIF
CONTINUE
CONTINUE
Put the rest of the atatlon into (X,Y,%)
DO 35 L=L¥,NSEC
DO 30 K=1,NPTS
X(L+1)} = XIWNG(L,K)
Y(L+1,K) =~ YWNG(L,K)
Z(L+1,K} = ZNNG{L,K)
CONTINUE
CONTINUE
NSEC = NSEC + 1
DO 45 L=LW,NSEC
DO 40 K=1,NPTS
XWNG(L,K) = I(L)
YWNG{L,K) = Y(L,K)
IRNG(L,K}) = Z(L,K)
CONTINUE
CONTINUE
GOTO 55
ENDIF
CONTINUE
CONTINUE

DO 910 L=1,NSEC

DO 910 K=1,NPTS
XOUT(L,K} = XWNG{L,K}
YOUT(L,K) = YWNG(L,K)
ZOUT(L,K) = ZWNG(L,K)

CONTINUE

RETURN

END
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TIME
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nooon

~oy

DI E M

-y

b=

FEr 4ty

SUBROUTINE NOSE( FNBOT FNTOP)
include *sgrid.com"
DIMENSION D1(NPI),D2(NPI) +S(NPI)

ETIP = (KDIM+1)/2

From the nose to the’ leuding ede
'10 , fto- statiaon 1 to' M1

Flrst po
DO 12 k=1,KDIM
X(1) = XIN(1)
Y(1,K) = YIN(1,1)
Z(1,K) = ZIN(1,1)
12 CONTINUE

[ :
¢ .
c Loog for ullstattuusv from station’
00
L= u
XLOCAL = XIN(N)
c ‘Stoxe the 1nput to Qusmy arry
DO 33 Kk=1,N

YINK(K) = YIN(M )
ZINT(K) = ZIN(M,K}
UE

4“4 CONTINUE

“Lower part of the ‘noge
KS=1
KE=KREF
KN=KE-K5+1
DO 74 K= KS,KE
XK = K-KS+1
D1(KK) = YINT(K)
D2(KK) = ZINT(K)
74 CONTINUE
CALL DISTARC(D1,D2,XN,YNEW,ZDIST,KTIP, ENBOT,1)
DO 85 E=1,KTIP
Y(L,K)} = YNEW(K}
Z(L,K) = IDIST(K)
X(L) = ILOCAL

85 CONTIN
& TR :
[ From Y=YREF to pos Y

KS=KREF

KE=NFP

KN=KE-KS+1

DO 100 k= KS,KE

KK = K-KS+1

D1(XK) = YINT(K)
D2(KX) = ZINT(K)
100 CONTINUE
CALL DISTARC(D1,D2,KN,YNEW,ZDIST,KTIP, FNTOP,0)
DO 400 K=KTIP,XDIM
Y(L,K) = YNEW(K-KTIP+1)
Z(L,K)= ZDIST{K-KTIP+1)
X({L} = XLOCAL
400 CONTINUE
500 CONTINUE
RETURN
END
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SOURCE PROGRAM

samgrid.f

SOURCE TEXT

IDA

7/07/94 | PAEF
4:18:56 pm

TIME

EVEVEUR VRS VATV B e
1000~ O U b WS — 010

I~

5eEETEEEE

-

annan

MEAAOONAANGAND

322253228

SO DI BT WA = O 000

an an

50
60

U XLE < X 1leading edge
{2INT,YINT) *
‘KT = § of pis’

KATAWARIAN RO BANHE RS LR Rk L b ARk

. 'rhis is the main ,su.broutine to xodlat.ttbubetha poLnts from

treamvwise cut.

poi
NL = number of point in %
NC = number of spanwise

Lot of atreamwlse cut for X=XLOCAL’ at sach sur!ace
n cizcum. direction sxtracted from the old qxid -
4 pu in the ciroum. direction 1n ome surfacg

“IFLAT =1 7 lowe
TR(INT.LE. KriP)

THEN
WRITE(*,*)'SUB REDIST : INT is less than KTIP'
STOP

ENDIF

IF(IFLAT.EQ.2) THEN
NUL = NU

Should o8, GNWAKE L

TF(XLOCAL.GT.XLE(1)+CHORD(1))
CALL WINGNWAKE(XLOCAL,KT,NUL, IFLAT}
GOTO 200

ENDIE

streunwlct distanoe,is betwten
DO 60 M=1,NC
DO 50 I=1,NUL

IF( XBASE(I,IFLAT,NC-|

M+1) .GE.XLOCAL .OR.

13 ABS(XIBASE(I, IFLAT,NC-

M+1)-XLOCAL) .LE.1.E-7) THEN

.S G

XBASE{I-1,IFLAT NC-M+1)

XBASE(I
YBASE(I-1,
YBASE(I

" IFLAT,NC-M+1)
IFLAT,NC-M+1)
"IFLAT,NC-M+1)

ZBASE{I-1, IFLAT NC-M41}

ZBASE{1

, IFLAT ,NC-M+1})

CALL LININT{X1,X2,Y1,¥2, XLOCAL, YY)
CALL LININT(X1,X2,21,22,X1OCAL,Z2)
YINT(M) = YY
ZINT(M) = 22
GOTO 60
ENDIF

CONTINUE

CONTINUE

KT=NC

6010200

_ELSE

Thn x-station panses the ving tip, “should’ hAve wax.
CALL WINGNWAKE(XLOCAL, KT ,NUL,IFLAT)
GOTO 200
ENDIF
ENDIF

- suemise dhtn € is 1n the 10 dlng mge
I?(XLOCAL LE. x )) TH

" shoula c-ll umeswm

IF(XLOCAL.GT. ILE{1)}+CHRORD(1}) THEN
CALL WINGNWAKE{XLOCAL, KT ,NUL,IFLAT)
GOTO 200

ENDIF

KT = 0
DO 160 I = 1,NUL
KT = KT + 1
Create 1 goht at the root
!P(XBASB( IFLAT,1).GT. XLOCAL) 'l"!lIZN
XBASE({I-1,IFLAT,1)

e
[
[ EER

CALL

XBASE(I ,IFLAT,1)
YBASE(I-1,1FLAT,1}
YBASE(I,IFLAT,1)
ZBASE(I-1,IFLAT, 1)

ZBASE{1 ,IFLAT,1)
LININT{X1,X2,Y¥1,Y2,XLOCAL, YY)
LININT(XI %2,21,22,XLOCAL,22)

YINT(KT) =
ZINT(KT) = zz
GOTO 200
ENDIF
DO 150 M = 2,NC
XL = XLOCAL-XBASE{I,IFLAT M-1)
%R = XLOCAL-XBASE(I,IFLAT,M)
IF(XL*XR.LT.0.) THEN

0 X1 = XBASE(I,IFLAT,M-1}
1 %2 = ABASE(I,I1FLAT, M}
1¥3 71 = ZBASB(!,IFLAT,M—I)

53 22 = ZBASE(I,IFLAT,M)

4 Y1 = YBASE(I,IFLAT M-1)

5 Y2 = YBASE(I,IFLAT M)

6 CALL LININT(X1,X2,Y1,Y2,XLOCAL,YY}
657 CALL LININT(X1,X2,21,22,XLOCAL,ZZ)
1658 YINT(KT) = YY
659 ZINT(KT) = 22

60 | GOTO 160
661 ELSEIF {ABS(XL*XR) .LE. 1.E-7) THEN
62 IF{ABS(XL}.LE.1 E-7) THEN
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L

YINT(KT) = YBASE(I,IFLAT M-1)

ZINT(KT) = ZBASE(I,IFLAT,M-1}
ELSE

YINT(KT)} = YBASE(I,IFLAT, M}

ZINT(KT) = ZBASE(TI,IFLAT, M)}

ENDIF
CONTINUE
CONTINUE
ENDIF

coNTINUE

" RigHt bW YINT andt BINT is' frem wi ;
the cublc spline program, need 1;09_ root to

DO 220 KR=1,KT

S(KK) = YINT(KK)
CONTINUE
DO 230 KE~=1,KT

YINT(KK} = S{KT-KK+1)
CONTINUE
DO 240 XX=1,KT

S(KK) = ZINT(KK)
CONTINUE
DO 250 KE=1,KT

ZINT{KK) = S(EKT-KK+1)

i : :
CALL DISTARC(ZINT,YINT,KT,ZDIST,YNEW,KTIP,FAC,IT)
IF({L.NE.NSEC)CALL CSPLINE(ZINT,YINT,KT,ZDIST, YNEW,KTIP)




SOURCE PROGRAM i l OATE ~~ " 7/07/94 i PAGE #

samgrid.f

LINE # SOURCE TEXT

>‘This submut.ine ‘llaus us to subltx ot & grid NPL1 in:
_,suumd.se aactlon, and thc nev dimension u_usnc ugun :

‘lnrﬂmxs;qw i(ypx),v(upx,

0a fAaa0n

Renumbier the late stations -
NSEC = NSEC-1
po 30 1= NPLI,NSEC

X(L) = X(L+1)

DO 20 X=1,KDIN
Y(L,K} = Y(L+1,K)
2(L,E) = Z{1+1,K}

20 CONTINVE
30 CONTINUE

NN NN NN N NN N N N NN SN

RETURN
END

wyﬂqoqgm@yw~ﬁqomgm@




SOURCE PROGRAM DATE 7/07/94 | PAGE#
samgrid.f 4:18:56 pm

LINE # SOURCE TEXT
4 tt-cﬁiﬂtﬁkioﬁiitﬂfftoiﬂttﬁo-uii(tio-aiiittccaauiiﬁ'otiiitroooiitktiowﬂi
125 SUBROUTINE TAIL(FAC1,FAC2)
[ include "sgrid.com"
DIMENSION S(NPI)
COMMON /REF/ ZROOT,KTIP,ARCORR

KTIP = (KDIIHI)/Z

anon

1738 PTi= (YOUT(NSEC 1)+voum
736 PT2= (YIN(NF, NFP)+YIN(NF,1))/2.

X1 = X{LE)

738 X2 = XIN(NF)

40 L1l = LE+1

4 L2 = LI+(NF-M2)-1

42 DO 300 L=Ll,L2

74 M=M2+4L-L1+1

74 X{L) = XIN(M)

1745 XLOCAL = XIN(M) _
OPTIONS S

it depands’ B -
Tt of pt !u thia ata lou)/(no ‘ot pts in P
‘th of ruvioua

f0aAANNAN 0G00

KF=(KDIM-NPTS)/2+1

iE

XFe (EDIN-NPTS)/2

GR. RMTO.GE.Y.1) THEN
1‘F)1

F
~

~§ ;
gy

~~
NOOO A »

-

the poia
T and cclculate the polpts ffom neg Y to ¥ at
DO 222 k=1 ,NFP
IF(ABS(YIN(M,K)-RAKEPT) .LE.1.E-7) THEN
KT1=K
GOTO 22)
ENDIF
IF(YIN(M,K).GT.WAKEPT) TEEN
ET1=K
YL=YIN{M,K-1}
Y2=YIN(M,X)
Z1=2IN(M,K-1)
22=2IN(M,K)
YY=WAKEPT
CALL LININT(Y1,KY¥2,Z1,Z1,YY,Z2Z)
YIN(M,KT1}=YY
ZIN(M,KT1)=2Z
cOTO 223
ENDIF
222 CONTINUE
223 CONTINUE

 EE
N

i d
NN

PN
S

Do 230 K=1,KT1
YINT(K)*YIN(M,K)
ZINT(K)=ZIN{M,K)
230 CONTINUE
CALL DISTARC(YINT,ZINT,KT1,YNEW,ZDIST,KF, FACL, 1}
DO 240 K=1,KF _
Y({L, K} =YNEW(K)
Z(L, K)=ZDIST(F)
40 CONTINUE

SN N NN NN NN N

S§EEsssEasE aans

A 2 -

nate
and oalculate the points from neg ¥ to Y at xw!
XT2=NFP-KT1+1
DO 250 K=1,KT2
YINT(K)=YIN(M,KT1+K-1)
ZINT(K)=ZIN(M,KT1+K-1)
250 CONTINUE
CALL DISTARC({YINT, 2INT, KT2,YNEW, ZDIST, KF,FACL, 0}
DO 260 K=1,KF
Y{L, KDIMN-KF+K}=YNEW({K)
Z{L, KDIM-KF+K}=2ZDIST(K}
260 CONTINUVE

2

C : :

c :

c Flad lT! ‘the point at old [3]
c =NFP-KT1+1

[

. These are points in off tuselage side
KN»No. of pts in the ‘off-fuselage side
KN=KDIM-2+4KF
KNH=(KN+1)/2
RSPAN= ABS( Z(LE,KTIP)-Z(L,KF) }
IF(FAC2.LT.0.)FAC2=1 .E+15
DELT-FACZ'(RSPAN)/FLOAT(KNH)

CALL DISTRI(DELT KNE+1,S, 0)

naao

CALL LININT(XI X2 YOUT(NSE NPTS/}) P‘l‘2 XLOCAL YOB) ‘

DO 270 K=1,KNE
Z{L, KF+K}=Z{L, KF }+5{K+1 ) VRSPAN
CALL LININT{ZROOT, RSPAN,WAKEPT, YOB,Z{L,KF+K},YY)
Y{L,KF+K)=YY
270 CONTINVE
pO 280 K=1,KNH
7(L,KDIN-KF-R+1)=Z(L, KF+K)
Y{L, KDIN-KF-K+1)=Y (1, KF+K)
280 CONTINUE

et vt v ve vt el et et o

— O 0 N VT B W = OO 00 VY B Lk

[od Smooth the fuselage-wake part
DO 285 KK=1,KDIM
YINT(KK)=Y(L,KK)
ZINT(XK)=Z{L,KK)
285 CONTINUE
ZROOT = ZIN(M,XT2)
RFILT = RFIL
IF(X(L).GE.XSTART .AND. X(L}.LE.XOFF)
13 CALL FILET(YINT,ZINT,KDIM,MB1,MB2,MT1,MT2,RFILT)

WA= QW NV A W

» @@
R o
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1R 293

T EALL MS KRC(YINT,
B0 295 Xm1,ETIP
zu,n-zmsun

Y!NT(I}-‘YIN(H
!INT(I)-ZIN(H NP‘IH‘~1)

g N e
TYINTURJSETNIN, )
JINTex i

LINE # SOURCE TEXT
44 DO 290 K=1,KDIM
45 Y{L,K)=YINT(K)}
46 Z(L,K}=ZINT(K)
47 1 390 CONTINVE
4 chlung—SIHP 8
4 NPf= [N

H, YNEW, ZDXST, KT1P,0.05, 0}




SOURCE PROCRAM

samgrid.f

SOURCE TEXT

7/07/94

4:18:56 pm

SUBROUTINE WBGRID

include "sgrid.coa" i
_This subroutine read the tuclaqe grid and combine it with the’
wing grid.

'DIMENSTON D1 (NP1}, D2(NPI) suﬂm
COMMON /REF/ ZROOT,KTIP,ARCORR

aonn

_ Reag suxtgzid dime:
XIN, YIN,ZIN & read in grid’
X,Y,2 = output grid

YINT,ZINT,D1,D2 « dusny vectars

CKBIM =1 ot points of the whole body in the Wi und direct
_.FNBOT= #GS in the nose bottom part (cixcultcrducill Airection)”
URYTOPs ¥CS 1in the nose top part (circumferencisl & wotion)
FAC2 = FGS {in the tafl’ purt (circ\mtet woinl Aairx

RFIL = Filet radi;
= This make tllet

AOANNONNOAAANOOON

c BLWAKE, NWAKE , CUSTERON , SCALE
. /FIL/ RFIL,ARCORR MBI, MB2,MT1,MT2, XSTART, X0FF
& /OPTN/ KREFADD, K1ADD
READ (40, BODY )

READ(40,FIL)
READ(40,0PTN)
WRITE(*,BODY)
WRITE(*,FIL)

WRITE(*,OPTN)

art it uxtgr area 4

’ 23 add shape functions
.1} convert 1t back to gri

annanonaa ann

. BL = XIN(NF)

XCUS = XCUS+BL
KTIP = (KDIM+1)/2

AR
-~

Tt
‘we uge the staticns of the ving
Ml is the station the oo
M2 is the {on the wing ends
M1=0

anaoann
ﬂ

OV

M2=0

DO 10 M = 1,NF

IF(ABS(XIN{M)-XOUT(1,1)) .LE.1.E-7) Ml = M

IF(ABS(XIN(M)-XOUT(NSEC,1)).1E.1.E-7) M2 = M+l

10  CONTINUE
3 IF(M1.EQ.0) THEN
4 DO 20 M=2,NF

G~ <<

5 TF{XIN(M-1).LE.XOUT(1,1) .AND. XIN{M).GT.XOUT(1,1}}
1 M1l=M

20 CONTINUE
ENDIF

IF(M2.EQ.0) THEN

DO 30 M=1,NF

IF{XIN(M).LE.XOUT(NSEC,1) .AND. XIN(M+1}.GT.XOUT(NSEC,1)}

& M2=M+1

30 CONTINUE

ENDIF

CCCCOCC OCCCOCOCOCOCCCCCCCCCCCCCCCC
e ajvid the ooutigur-t.{on into four part
"the pose, the wing~body, the tail, and the
polnts toz the

OOV OB

m-'uu bosé to the leading edge
CALL NOSE(I'NBO']' !‘NNP)

R et it et A

ctctaiﬂetuotatiitni Peaadkaaraeeay
) !

c “Frox the lludlug edqe
i€ o CALL WF

CALL wmc)omr

Erailing edg

AD-

cn-.nuui'&wn'ttﬁnn’tunanu‘tn-.utunontﬁﬁ'ﬁ_p}ﬁ_i'ﬁ’

o] [N

C U From the trauing edge to the ‘end of taii )
CALL TAIL{(-1.,FAC2)

i~ N NN
DO~ OXVE B W — O

c-nncoou'«-nrfttau(u.-ntulun‘-¢|nn.t-u-w'naa‘oboau L)

\DO\DV\DVOL
00

1

2

3

4. C Redistribute each stx’emise stntion, 8o t.hn ¢
Sic is custer neir the wing tip.

? IF(CUS’I‘ERON GT.0.} CALL CUSTER

[
8
9

cattﬁi'ntwiiﬁﬁitbiiiﬁt‘hniﬁtﬁﬁ 1Qitt--4iwttn--.itﬁttto

ADAOAD D \DADH

it is equally spaced.

ic
i C Redlstribute the stzemise stations, ‘g0 that
c
c IF(CUSTERON.GT.0.) CALL EQSPACE

Add the extended wake

L2 = L-1
XLAST = X(L2) + BL*BLWAKE
TOTLEN = XLAST - X(L2)




SOURCE PROGRAM ) DATE 7/07/94 | PACE®
samg rid.f TIME  4:18:56 pm 30

SOURCE TEXT

IF(TOTLEN.EQ.0.) GOTO 510
DELT={X{L2)-X{L2-1))/TOTLEN
CALL DISTRI(DELT, NWAKE+1,S,0)
DO 500 LD=1,NWAKE

4 - L = L2+LD

) X(L) = X(L2)+5{LD+1)*TOTLEN
6 DO 480 K=1,KDIM

g 2(L,X) = Z{L-1,K)
9

0

. Y(L,X} = Y(L-1,K)
480 CONTINVE

500 CONTINVE

| 510 contivuE
cu‘g.syywux.\.uymu.\.\,b

anonn

KN=1
NSECT=L2+NWAKE
po 550 L=1,NSECT
X(L)=X(L)/SCALE
DO 550 K=1,KDIM
Y(L,K)=Y(L,K)/SCALE
%(L,K}=Z(L,K)/SCALE
CONTINUE

SO~

o o N R NNV NV NV I N IR R R R NN R R R R RS AT

R W M P P RS I NN K R

- 1

MORSERS A

3

O

MNANA
G GO

y 4

WRITE{$0)KDIM, KW, NSECT
DO 600 L=1,NSECT
WRITE(C0)(X{(L), K=1,KDIN),
{Y(L.,X) %=1 ,KDIM},
(Z{L,X},K=1,KDIM}

v reoaaad

] 600 CONTINUE
CALL FLUSH (60)
Write the wing-b
NPTS ™
NSEC = NSECT
DO 610 L=1,NSECT
DO 610 K=1,KDIM

XOUT(L,K} = X(L)

YOUT(L,K} = Y(L,K)

20UT(L,K} = Z(L,K)
610 CONTINUE

O

5

S OC

RETURN
END

oA R AL R R P RS RSN NN I B RERE RN

O
;vm,w:awn.—g' 0%~

Oy A OXOr Ox Ok O
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LINE #

samgrid.f

DATE
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i ﬁﬁt.ﬁiiti‘r"oiiiiﬁaooiiﬁﬁﬁaooiittitt'iiiiGaotéiit

SUBROUTINE WFMATCH
include "sgrid.com”

DIMENSION D1(NPI),D2(NPI}
COMMON /REF/ ZRC

&
£
£
£
&
&
&

The wing~body

SN NN

anooaan

oo LW ie the dection

DIMAX = 0

DIZMIN = 1.E+20

LB = M1+l

afnnn

LE = M1+(NSEC-1)

DO 200 L=LB,LE
IN=L-M1+1

. XLOCAL = XOUT(LH,1}

L nulmemﬂ
Notas: Assumed that in thie
;of points 1 >
10 M=M1,NF

IF(XIN{M).GE.XLOCAL .OR.

-0 O XN O
5;u>u>ufu>§53:

. ABS(XIN(M)-XLOCAL).LE.1.E-7) THEN
Mi = M

GOTO 15
ENDIF

OISO O

10 CONTINUE
15 CONTINUE
DO 30 K=1,NFP

Sb00

X1=XIN(MW-1)

X2=XIN(MW)

Y1=YIN({MW-1,X}

Y2=YIN(MW,K)

ZI=ZIN(MW-1,K}

22<LIN(MW,K}

CALL LININT{X1,X2,Y1,Y2,XLOCAL,YY)
' CALL LININT{X1,X2,Z1,%2,XLOCAL,ZZ)

ZINT(K) = ZZ

YINT(K} = YY

30 CONTINUE

35 CONTINUE

#1de the fuse

DO KZl1 = 1,NFP

IF{ZINT{K21).GT.ZROOT) LROOT=ZINT(KZl)

ENDDO

DZ = ZOUT{LW,1)-ZROOT

IF{ABS(DZ).GT.ABS(DZNAX})) DSMAX=DZ

IF({ABS(DZ).LT.ABS({DIMIN)) DIMIN=DZ

200  CONTINUE

IF{DZMAX.GT.0.) DZ=DZMIN

IF(DZMAX.LT.0.) DZ=DZMAX

DO 400 K=1,NPTS

DO 400 L=1,NSEC

20UT(L,X) = ZOUT{L,K)} ~ D2

400 CONTINUE

write(+*,*)'DZ =', DZ

PR

RETURN
ERD

T) o the luaa]é:qc at ILOCKL

[rention (cplnviscl £0 ‘mak

SOURCE TEXT

nle number




SOURCE PROGRAM

DATE 7/07/94 I PAGE #
samgrid.f

32

SOURCE TEXT

ﬁﬂl‘tiitﬁtl‘l(Qitﬁnbtitﬂﬁiu-tiit'ti.t-iiiti.'iiiﬁ
SUBROUTINE WING_ BODY

DIMENSION D1(NPI),D2(NPI)
COMMON /REF/ ZROOT,KTIP,ARCORR

on6o

18 = Mi+1
LE = Ml + NSEC -1
DO 200 L=1B,LE

PO rO e

N

anco

U there

HANNOAO

e
an

hmg
000, O

i

o

QD00 O

NV B

o

NN RN R RN

include *sgrid.com*

LW=1-M1+1 tstart with second wing station
XLOCAL = XOUT{LW,1)

c.lculltl the potnts (Ytll'r BIN'I') ‘on the fusslage at X
Note: assumed that ia this section, each uuon ha
of poists in rape<around direction. =

DO 10 M=M1, NP
IF(XIN{M).GE.XLOCAL
Ansum(x)-chu.) u: 1.E-7) THEN
MW = M
GOTO 15
ENDIF
CONTINUE
CONTINUE
DO 30 K=1,NFP
X1=XIN{MW-1)
X2=XIN{MN)
Y1=YIN(MW-1,K) -
Y2=YIN(MW,K}
Z1=ZIN{MW-1,K)
Z2=ZIN(MW,K)
CALL LININT(X1,X2,Y1,Y2,XLOCAL,YY)
CALL LININT(X1,X2,21,22,XLOCAL,ZZ)
ZINT(K) = ZZ
YINT{K) = YY
CONTINUE
. cow

NOPS points In the wing sred ;
how wany poist ip the Tuselagn: uctiou T
K1l is the inters pt ./. the fuselage & wlig ‘a thos 1n old &
X3 15 the intars pt ./, the fuulngc 'y \rlng at tnp in old grid
MID is the inter point /. the f bottos 1]
Theys are IT poipts from'l to xl
XT=(NFP+1)/1
MID=(KDIM-NPTS+2)/2
MID=(XDIM-NPTS) /2
Find X1:
DO 60 X=KT,1,-1

IF(YINT(K}.LT.YOUT{L¥,1) .AND. YINT(K).NE.YINT(K-1)) THEN
K1 = K
GOTO 62
ENDIF
CONTINUE
CONTINUE _

Find £3:
DO 70 X=1,NFP
IF(YINT(K) GT.YOUT(LW,NPTS} .AND.YINT(K) .NE.YINT({K+1)) THEN
K2 = K
GOTO 71
ENDIF
CONTINUE
CONTINUE
Por arrow-wing type, £3 needed to be relocated
IF{ABS(YOUT(LW,1)-YOUT(LW,NPTS)).1E.1.E-7) THEN
K1l = J1 + K1ADD
K2 = 11
YINT(X2)=YINT(KL)
ZINT(K2)=ZINT(K1)
ENDIF

Calouhte the poht .
Ks=1
KE= K1
KN=KE-XS5+1
DO 82 K= KS,KE
KK = K-KS+1
DI(KK) = YINT(K}
D2(XK) = ZINT(K}
CONTINUE
CALL DISTARC{D1,D2,KN,YNEW,ZDIST,MID,-10.,1)
DO 100 K=1,MID
Y{L,K} = YNEW{K)
Z({L,K} = LDIST(K)
X{L) = XLOCAL
CONTINUE

- foints of the Ililg section
“110 X=1,NPTS TV
Y{L,MID+X) = YOUT(LW,K}
Z{L,MID+K) = ZOUT(LW,K}
X{L) = XOUT(LN,K}

CONTINUE

Calcoulate the points at the top
KS=K2
KE= NFP
¥N=KE-KS+1
DO 115 K= K5,KE
KK = K-KS+1
DI(KK) = YINT(K}
DZ(KK) = ZINT(K}
CONTINUE
CALL DISTARC{D1,D2,KN,YNEW,ZDIST,MID,-10.,0)
DO 120 K=1,MID
Y{L,K+MID+NPT5) = YNEW(K)
Z{L,E+MID+NPTS) = ZDIST(K)
X{L} = XLOCAL
CONTINUE

For arrow-wiang type, make surc wake points ok~
IF(ABS{YOUT(LW,1)-YOUT(LW,NPTS)).LE.1.E-7) THEN
Y(L,MID+NPTS+1) = YOUT(LW,1)
Y(L,MID) = Y(L,MID‘NPTS+1)




SOURCE PROCRAM

samgrid.f

SOURCE TEXT

DATE

X OOy

il p iy
—Cﬁ%@gsm\n&.

2(L,MID} = Z(L,MID+NPTS+1}
ENDIF

Fill the uwnasmooth part by FILET
First of all, find the set of points nee
" p0 125 KK=1,KDIM - T o
YINT(KK)=Y(L,KK)
ZINT(KK)=2%(L,KK)
CONTINUE -
RFILT = RFIL
IF(X(L).GE.XSTART .AND. X{L).LE.XOFF)
CALL FILET(YINT,ZINT,KDIM,MBl ,MB2,NMT1 MT2,RFILT)
DO 140 K=1,KDIM
Y(L,K)=YINT(K)
Z{L,K)=ZINT(K)
CONTINUE
CONTINUE
RETURN
END
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samgrid.f

DATE

7/07/94 | PacE#

34

2273 "SUBROUTINE WINGNWAKE(XLOCAL,KT,NUL,TFLAT)

2274 include "sgriad.com*

This subroutine creates the dats when the station is in tha p

where some points are on the wing, some are the wake
| At that x—station, ‘we put 10 points in the \uke pnxt.:

L id
AN
O
anan

KT =0.
TF{ARRWING.GT.0.) THEN
The wing {3 sweeped baokwards oL T
Do 75 I=1,NC
J1=J~1
J2=J
IF (XLOCAL.GT.XLE(J)+CBORD(J)) GOTO 75
XI1=XLE({J1)+CHORD(J1)
21=ZBASE({NUL,IFLAT,J1)
XI2=XLE({J2)+CHORD(J1)
22=ZBASE(NUL,IFLAT,J2)
2TIP=21+( (XLOCAL-XI1)/({XT2-XT1))*(Z22-21)
Z}‘LAT-ZTIP

89

2

LT RN

N
N
\D:

NLEDG = NC
DO MRUN=2,NC
IF(X!DCRL LT.XBASE(1, IFLAT ,MRUN)) THEN

NLEDG = MRUN-1
= XBASE(1,IFLAT,MRUN-1)
= XBASE(1,IFLAT,MRUN )
Y1 = YBASE(1,IFLAT,MRUN-1)
= YBASE(1,IFLAT,MRUN }
= ZBASE(1,IFLAT,MRUN-1})
22 = ZBASE(1,IFLAT,MRUN )
CALL LININT(X1,X2,Y1,¥2,XLOCAL, YY)
LININT(X1,X2,21,22,XLOCAL, 22)
YINT(1l) = YY
ZINT{1) = 2%
GOTO 40
ENDIF
ENDDO
40 CONTINUE

g8
tad
[*]

Dy
(54
™

4ty
a
&
3

s

DO 65 M=NLEDG,J2,-1
DO 64 I=2,NUL
IF{XLOCAL.LE.XBASE(I,IFLAT,N)) THEN
= XBASE(I-1,IFLAT,M)
= XBASE(I ,IFLAT,N)
's’ Y1 = YBASE(I-1,IFLAT, M)

VLN

YBASE(I ,IFLAT M)
ZBASE(I-1,IFLAT,N)
21 = ZBASE(I ,IFLAT,M)
CALL LININT(X1,X2,Y1,Y2,XLOCAL,YY)
CALL LININT{X1,X2,Z1,22,XLOCAL,ZZ)
4 IF(NLEDG.EQ.NC} THEN
MM=NLEDG-M+1
[ ELSE
7 MM=NLEDG-M+2
32 ENDIF
YINT{MM} = YY
ZINT({MM) = ZZ
GOTO 65
ENDIF
64 CONTINUE
4] 65 CONTINUE

MNERIRERERER
iy

TN

an

248
ZROOT = ZBASE{NUL,IFLAT, 1)
Y1=YBASE(NUL,IFLAT,J1}
) Y2=YBASE{NUL, IFLAT,J2}
i 21=ZBASE(NUL, IFLAT,J1}
22=7BASE(NUL, IFLAT,J1})
2. CALL LININT(XI1,XI2,Y1,Y2,XLOCAL,YY}
3 CALL LININT(XIl,XI2,21,22,XLOCAL,ZZ}
DZ = (ZFLAT-ZROOT)/%.
5" DO 70 M=1,10
IF(NLEDG.EQ.NC) THEN
7 MM = NLEDG-J2+14M
g ELSE
MM = NLEDG-J2+14M  +1
ENDIF
2ZINT(MM) = ZROOT + FLOAT{10-M)+DZ
CALL LININT(ZROOT,2%,YOUT{L-1,1},¥Y,ZINT{MM), YYY)
YINT(MM) = YYY
4| 70 CONTINUE
5 IF(NLEDG.EQ.NC) THEN
KT = (NLEDG-J2+1)+10
ELSE
KT = (NLEDG-J2+1 +1)410

ENDIF

GOTO 200
CONTINUE

B idnidn i dn da i Dodnl o

NN N NN NN N R A N R R RSN .

"ELSE

' The wing 18 sweeped forwards
DO 105 J=2,NC

J1=J-1
J2=J
IF{XLOCAL.LT.XLE(J)+CHORD(J)) GOTO 105
X11=XLE(J1)+CHORD(J1)
Z1=2BASE(NUL,IFLAT,J1)
XI2=XLE(J2)+CHORD(J2)
Z2=7IBASE(NUL,IFLAT,J2)
ZTIP=21+( (XLOCAL-XI1)/(XI2-XI1))*(22-21)

» ZFLAT=ZTIP

., cheung=SIMP c 2TIP=LBASE(NUL, IFLAY NC)

) znhznss(mn. TFLAT,NC)

iNLOv LN

~ESE

\

£

SRS

| cheung
e !

c Add 10 poinu for tbe wake.
Y1=YBASE(NUL, IFLAT,J1)
Y2=YBASE(NUL,IFLAT,J2)
21=2BASE({NUL, IFLAT,J1)
22=2BASE(NUL,IFLAT,J2)

CALL LININT(XI1,X12,Y1,Y2,XLOCAL,YY)
CALL LININT(XI1,XI2,21,22,XLOCAL,ZZ)
Dz = (ZTIP-ZFLAT)/9.
DO 80 M=1,10
ZINT(M) = ZTIP - FLOAT(M-1}*DZ
CALL LININT{ZTIP,ZZ,YOUT(L-1,NPTS/2+1),YY,ZINT(M),YYY)

60:00:00,00;
Et I

N LI N N RN NI N NI NN RN RS NN N IR I NS RS NI N RS RS,
Biww EA

¢ R 3 48 £7: o VARY ludug Idgo, ‘we should do the following "~




SOURCE PROGRAM DATE

7/07/94 | PACE#
samgrid.f TIME

4:18:56 pm 35

SOURCE TEXT

YINT(M) = YYY

CONTINUE

DO 100 M=J1,1,-1

DO 90 I=2,NUL

IF(XLOCAL.LE.XBASE(I, IFLAT,M)) THEN
X1 = XBASE(I-1,IFLAT, M)
X2 = XBASE(I ,IFLAT, M)
Yl = YBASE(I-1,IFLAT,M)

Y2 = YBASE(I ,IFLAT,N)
Z1 = BASE(I-1,1FLAT,HM)

22 = ZBASE(I ,IFLAT,N)
CALL LININT(X1,X2,Y1,Y2,XLOCAL,YY)

O
o

CALL LININT(X1,X2,21,22,XLOCAL,Z2)
YINT(J1-M+1 +10) = YY

ZINT(IL-N+1 +10) = 2Z

GOTO 100

ENDIF
90 CONTINUE
100 CONTINUE

d

KT = 10 + J1

GOTO200

105 CONTINUE
. ENDIF .

e

200 CONTINUE

RETURN

A;;A;';;ALJ;L;;H

NERERERIA
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END




SOURCE PROCRAM

samgrid.f

I LU

851

12

15

Jeaenannensisy

_include "sgrid.com? .

CUYLE(R) i
.. GHORD(K) =
: e,

yooonadann

SOURCE TEXT
PRITTERITY ; AR PrEYs TAFES SNSRI
SUBROUTINE WINGI .

£ sections In the sp
't value of Bth sectic
I value

the:

“MACH2 gopfiguration: i

READ{10,900)
READ(10,910)
READ( 10,920 )NC,NU
NL = NU

K=1

CONTINUE

READ(10,930)

READ(10,950)

DO 12 1=1,NU
READ(10,¢)XBASE(1,2,K),YBASE(I,2,X),EBASE(I,2,K)
READ(10,940)

READ(10,950)

Do 15 I=1,NU

READ(10, 4 )XBASE(I,1,K), YBASE(I,1,K),ZBASE(I,1,K)
XLE{K} = XBASE(1l,l,K)

YLE{K) = YBASE(l,l,K)

CRORD (X} = ABS(XBASE(1,1,K)-XBASE(NU,1,K))

K=K+l

FORMAT(1X)
FORMAT(25X,15,9%,15/)
FORNAT(1X)

FORNAT(1X)

FORNAT(1X)
FORMAT(3716.7)

RETURN

END




SOURCE PROGRAM ' DATE 7/07/94 | PAGE®
samgrld.f TIME  4:18:56 pm 37

SOURCE TEXT

SUBROUTINE FUSEIN
include "sgrid.com"
DIMENSION YT(NPI),ZT(NPI)

"Read the fuselige geometry

n noaaaan

MACHT ¢onfiguration
READ(10, 810)

READ(10, 820)

READ(10, 830)NF ,NFP

CONTINUE

READ(10,840)

M=M+1

DO 100 K=1,NFP
READ(10,*) XIN(M),YIN(M,K),2ZIN(M, K)
YT{X)=YIN(M,K)

ZT{K)=ZIN(M,K)
CALL DIETARC{YY, 2T, NEP’
DO 110 X=1,NFP
YIN(M,K)=YT(K) : -
ZIN(M,K)=ZT(K)

T, 4T, NEP, S10L, 05

CONTINUE

IF{M.LT.NF) GOTO 40

Write the tusel
KN=1

4 KK=NFP
..£200 WRITE(S1)KK, KW, M
f DO 800 L=1,M
F. WRITE(S1)(XIN{L}),K=1,KK),
. (YIN({L,X),K=1,KK),
4 . (ZIN{L,K),K=1,KK)
2508 | 8o CONTINUE )
. T

71810 FORMAT(1X)

820  FORMAT(1X)

830 FORMAT{31X,15,81,15/)

840  FORMAT({1X)

850  FORMAT(2X,3F16.7)
RETURN

NN
ARV

END




SOURCE PROGRAM

samgrid.f

DATE 7/07/94 I PACE #

4:18:56 pm

38

TIME

SOURCE TEXT

A A A AT

~EOVUE A

&3

o

IO I LN

SUBROUTINE NACIN

include “"sgrid.com”
DIMENSION YT(NPI),ZT{NPI)
COMMON /NACG/ XNAC{NPI),YNAC(NPI,NPI),ZNAC(NPI , NPI)
COMMON /NDIM/ NNAC,NNACP,INUM(4)

‘section 15 the micelle”
= # of points in mth gection -

e
FRACP

naoooaan

Bead ‘the Havelle guosetry -
READ(130,810)
READ(30,820)

. READ(30,830)NNAC ,NNACP

READ(10,850) INAC(M),YNAC(M,K),ZNAC(M, K}
YT(K)=YNAC(M,K)
ZT(K)~ZNAC{M,K)
_ CONTINUE
CALL DISTARC(YYT, 5T, RNAC
PO 110 K«1,M8ACP
CUEIMIML Y!' £}

$10  FORMAT(1X)
820  FORMAT(1X)
830  FORMAT{31X,IS,8X,15/)
840  FORMAT(1X)
850  FORMAT(2X,3F16.7)
RETURN
END




SOURCE PROGRAM

samgrid.f

DATE

7/07/94

SOURCE TEXT

TIME

:18:56 pm

PACE #

39

(N Y N R

000

[+ TeXel

tre=inttvagivy

A 9 O Evidvideideid

SUBROUTINE HINGHAKER

ude‘ v sgr id. co-"

aooaaanhonasaan o

LY

A00

ann

END!
format(3x,£9.7,3x,£9.7,3x,£9.7})

L0
REAL YU(lSO),YL(lSO)
real SPAN
INTEGER L,1,J,K

(77,%)NC

read(77,+)XLE(1) ,XLE(NC})

read(77,%)XTE{1),XTE(NC})
7,*)ZBAS 1

READ(90,+)

READ(90,+)

READ(90, *)NU

READ(90,*)

NL=NU

DO I=1,NU
READ(90,19)XAF(I),YU(I),YL(I)
DO

DO I=1,NU
ZBASE(I,1,K+1} = (K+(SPAN/(NC-1)})
ZBASE(I,2,F+1) = (K+(SPAN/(NC-1)))

snopsl = (XLE(NC) XLE(I))/(ZBASE(I 1 NC) ZBASE(I 1,1%)
SLOI (N (Ly)/ E(1 B

DO K=1,NE

XLE({K) = XLE({1) + SLOPE1*ZBASE(1,1,K)
XTE(X) = XTE(1)4SLOPE2* (2BASE(1,1,K)~2BASE(1,1,1))
ENDDO

,ltzibute grfd points

PO K=1,NC
SCALE = XTE(K)}-XLE(K)
DO I=1,NU
XBASE(I,1,K) = XLE{K) + SCALE*XAF(I)
YBASE(I,1,K) = YU(I)*SCALE
XBASE(T,2,K) = XLE{K) + SCALE*XAF(I)
YBASE(I,2,K) = YL(I)*SCALE

CHORD(K) = ABS(XLE(K)- XTE(K)}
YLE(K) = YBASE(1,1,X)

ENDDO

RETURN

END
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Preface

This manual serves as a supplementary document for the official refer-
ence manual of a relatively new research software, PVM, which has been
developed at Oak Ridge National Laboratory. A beginner, who has no
previous experience with PVM, would find this manual useful.

We would like to thank you in advance that if you find any problems in
PVM or this manual, please contact one of us.

Mr. Merritt Smith

NASA Ames Research Center, MS 258-1
Moffett Field, CA 94035

e-mail: mhsmith@nas.nasa.gov

phone: (415) 604-4462

Dr. Samson Cheung

MCAT Institute

NASA Ames Research Center, MS 258-1
Moffett Field, CA 94035

e-mail: cheung@nas.nasa.gov

phone: (415) 604-4462
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INTRODUCTION

INTRODUCTION

This manual provides you with an introduction to PVM and provides the
fundamentals necessary to write FORTRAN programs in the PVM envi-
ronment through a tutorial sample. This manual is designed for those
who have no previous experience with PYM. However, you should know
basic FORTRAN programming and UNIX. If you are ready for an
advanced PVM application, please consult the official PVM Reference
Manual.

PVM stands for Parallel Virtual Machine. It is a software package that
allows a heterogeneous network of parallel and serial computers to
appear as a single concurrent computational resource. PVM allows you
to link up all or some of the computational systems on which you have
accounts, to work as a single distributed-memory (parallel) machine. We
call this a Virtual Machine.

PVM is useful for the following reasons. Unlike large mainframe com-
puters or vector supercomputers, workstations spend most of the time
idle. The idle time on a workstation represents a significant computa-
tional resource. PVM links these workstations up to become a powerful
multi-processor computational machine. With PVM, the lack of super-
computer resources should not be an obstacle to number crunching com-
putational programs. Furthermore, the annual maintenance costs of a
vector supercomputer is often sufficient to purchase the equivalent com-
puting resource in the form of workstation CPU’s.

Here are some terms we use throughout this document:

Virtual Machine PVM links different user-defined computers together
to perform as one large distributed-memory computer.
We call this computer the Virtual Machine.

Host Individual computer (member) in the virtual machine.

Process Individual program operating on different computers
or hosts.

Processor The processing unit in computers. A virtual machine

can be viewed as a multi-processor computer.
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Setup
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INTRODUCTION

Task The unit of computation handled by the virtual
machine. You-may want to think of one processor han-
dling one task.

Tid Task identification number which is a unique number
used by the daemon and other tasks.

Console A program from which you can directly interact with

the virtual machine. (Add hosts, kill processes,...)

The PVM software is composed of two parts. The first part is a daemon.
We call it pvmd. This is the control center of the virtual machine. It is
responsible for starting processes, establishing links between processes,
passing messages, and many other activities in PVM. Since the daemon
runs in the background, you have to use PVM console to directly interact
with the virtual machine.

The second part of the system is a library of PVM interface routines
located in 1ibpvm3.a. This library contains user callable routines for
message passing, spawning processes, coordinating tasks, and modifying
your machine. In writing your application, you will need to call the rou-
tines in this library.

This setup is for NAS system. Before you use PVM, you need to set up
the following directories on all the machines that you want PVM to link:

. Make a directory $HoME/pvm3/bin/aRrcH in all the hosts of the virtual
machine.

Note arch is used throughout this manual to represent the archi-
tecture name that PVM uses for a given computer. The table
in the Appendix lists all the ARCH names that PVM sup-
ports. For example, for Silicon Graphic IRIS workstations,
you should make a directory sHoME/pvm3/bin/SGI,

*  Make a directory $HoME/pvn3/include, and copy the file fpvm3.h
from susr/nas/pkg/pvm3.2/include. (If you are on different sys-
tem from NAS, please consult your system consultant.)

. Make a directory sroME/pvm3/codes, and write your application
programs in this directory. You can actually put your programs any-
where you like as long as the correct “include” files are includes.
The current setup is for clarity.
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Programming Concept Ml

Unlike graphical software or a word-processor, you cannot see PVM
working by clicking your mouse buttons. In fact, a virtual machine is
quite an abstract concept because you don’t physically have a multi-
processor machine! In this chapter, you will learn a simple concept,
which will help you to visualize how PVYM works.

A common way to work with PVM is a Master/Slave relationship. A
Master process starts Slave routines and distributes work. However, a
Master does not actively participate in the computation. A Master
process most often resides on the originating host (user’s computer),
while the Slave programs are distributed to the hosts of the virtual
machine.

You need to distribute executables of Slave programs to the directory
$HOME/pvm3/bin/ARCH ON every host. You can locate this Master pro-
gram anywhere you like.

Since the Master program spawns Slave programs on each of the
hosts to do jobs, it is important to understand the communication
(message passing) amoung the hosts in PVM.

Typically, a Master and a Slave have the following logic:

Master Slave
1 Enroll itself to PVM Enroll itself to PVM

1
2 Spawn slave processes 2 Receive message from master
3 Initialize buffer, pack, and send 3 ..do something useful...
message to all slaves. 4 Initialize buffer, pack, and send
4 ..wait for slaves to finish... message to master
5 Receive message from slave(s) 5 ExitPVM
6 ExitPVM

The figure on the opposite page graphically describes a Master/Slave
relationship and shows the exchange of information.




Programming Concept

FIGURE 1. Communication in Master/Slave programs.

Enroll to PVM

Spawn slaves

Initialize, pack, and send| -
message to all slaves

® @

Receive message
ExitPVM

MASTER

Enroll to PVM

Receive message

.. Work!..Workl!...
Work!..Work!...

Initialize, pack, and send
message tO master

Exit PVM

C SLAVE




SPMD

Programming Concept

Another common way to work with PVM is the SPMD, Single Program
Multiple Data model. There is only a single program, and there is no
Master program directing the computation. The user starts the first copy
of the program and using the routine pvmfparent (), this cOpy can deter-
mine that it was not spawned by PVM, and thus must be the first copy
(parent). It then spawns multiple copies (children) of itself and passes
them the array of tids. At this point each copy is equal and can work on
its partition of the data in collaboration with the other processes.

Typically, a SPMD program has the following logic:
1. Enroll in pvm

2. If I am the first copy (parent)
a) Spawn child processes
b) Initialize buffer, pack, and send message out

3. If I am a secondary copy (child)
Receive messages

4, Work!...Work!...Work!
5. Exit PVM

The program on the opposite page describes a SPMD logic and shows the
cxchange of information. Please spend some time to study the program.

In the next chapter we will introduce the PVM daemon and the funda-
mentals of message passing.
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c
E;I?PV[I) c SPMD Fortran example using PVM 3.0
Program program spmd

include '../include/fpvm3.h'
PARAMETER({ NPROC=4 )

integer mytid, me, i

integer tids(0:NPROC)

C Enroll in pvm
__—__——__—————""' call pvmfmytid( mytid )

1
€@ 3 mememmmem e eemmcmmec e memmcemece e ecmeecom——on=
c Find out if I am parent or child
o
call pvmfparent(tids(0))
if( tids¢(0) .1t. 0 ) then
tids(0) = mytid
me = 0
S
c start up copies of myself
e
call pvmfspawn('spmd', PVYMDEFAULT, '*',
2 * NPROC-1,tids(1), info)
e
c multicast tids array to children
.
call pvmfinitsend( PVMDEFAULT, info ) .
call pvmfpack( INTEGER4, tids, NPROC, 1, info )
call pvmfmcast( NPROC-1, tids(l), 0, info )
else
C  mmmmememmmemmemmmmcmmeceeeeeeeoe==
c receive the tids array and set me
- C e e e e e E e T TS ST E T eSS
‘3 call pvmfrecv( tids(0), 0, info )
call pvmfunpack( INTEGER4, tids, NPROC,1,info)
do 30 i=1, NPROC-1
if( mytid .eq. tids(i) ) me = i
30 continue
endif
Q-mmmmmmemmmmmem e e meeeeceeeemmcecam— oo
c all NPROC tasks are equal now ]
¢ and can address each other by tids(0) thru tids(NPROC-1)
c for each process me => process number [0-(NPROC-1)]
g
print*, 'me =',me, ' mytid =',mytid
__———_—_————————_——— call dowork( me, tids, NPROC )
4 € e
c program finished exit pvm
€ meemmmmmmmemcemmea—eeemana
call pvmfexit(info)
5 - stop

end
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Notes
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subroutine dowork( me, tids, nproc )
include '../include/fpvm3.h'

integer me, nproc
integer tids( O:nproc)

integer token,'dest, count, stride, msgtag

count = ]
stride = 1
msgtag = 4

if( me .eq. 0 ) then
token = tids(0)
call pvmfinitsend( PVMDEFAULT, info )
call pvmfpack({ INTEGER4,token,count,stride,info)
call pvmfsend( tids(met+l), msgtag, info )
call pvmfrecv( tids(mnproc-1), msgtag, info )
print*, 'token ring done'

else
call pvmfrecv( tids(me-1), msgtag, info )
call pvmfunpack( INTEGER4, token,count,stride, info)
call pvmfinitsend( PVMDEFAULT, info )
call pvmfpack( INTEGER4, token,count,stride,info)
dest = tids(me+l)
if( me .eq. nproc-1 ) dest = tids(0)
call pvmfsend( dest, msgtag, info )

endif

return
end
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PVM Daemon

The PVM daemon is the control center of the virtual machine. You can
activate the PVM daemon by starting the PVM console or by invoking
the daemon directly with a list of hosts. The latter will be discussed in
chapter 6. To start the console, enter pvm at UNIX prompt on your local
machine. The PVM console prints the prompt

pvm>

and accepts commands from standard input. The console allows interac-

tive adding and deleting of hosts to the virtual machine as well as interac-
tive starting and killing of PVM processes. Even if the daemon is started
directly, the console can be used to modify the virtual machine.

Here are the commands available in the PVM console:

ADD add other computers (hosts) to PVM
ALIAS define and list command aliases you set
CONF show members in virtual machine
DELETE remove hosts from pvm

ECHO echo arguments

HALT stop all pvm processes and exit deamon
HELP print this information

ID print console task identity

JOBS display list of running jobs

KILL terminate tasks

MSTAT show status of hosts

PS list tasks

PSTAT show status of tasks

QUIT exit PVM console, but PVM daemon is still activated
RESET kill all tasks

SETENV display or set UNIX environment variables
SIG send signal to task .

SPAWN spawn task

UNALIAS remove alias commands you previous set
VERSION _ show PVM version

10

C-d



PVM Daemon

Console Suppose the console is running on workstation win210. This computer
will automatically be a host in your virtual machine. Here are some
Usage examples of using PVM console:

Activate PVM console
win210> pvm

Add amelia and fred to your virtual machine
pvm> add amelia

1 successful

HOST DTID
amelia c0000
pvm> add fred
1 successful
HOST DTID
fred 100000

Check the configuration of your virtual machine

pm>Cmﬂ

3 host, 1 data format
HOST DTID ARCH SPEED
win210 40000 SGI 1000
amelia c0000 SGI 1000
fred 100000 SGI 1000

Delete amelia

pvm> delete amelia

1 successful
HOST STATUS
amelia deleted

Exit PVM console, but PVM daemon is still running

pvm> quit
pvmd still running
win210>

11
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PVM Library

PVM Library

This chapter introduces the PVM library. In writing your application pro-
grams, you need to call the subroutines in the library to instruct PVM to
control processes, send information, pack/unpack data, and send/receive
messages. Many subroutines have pre-defined option values for some
arguments. These are defined in the include file £pvm3.1 and are listed in
the Appendix.

call pvmfmytid( tid )
This routine enrolls this process with the PVM daemon on its first call, and generates a

‘unique td. You call this routine at the beginning of your program.

call pvmfexit( info )

This routine tells the local PVM daemon that this process is leaving PVM. You call this
routine at the end of your program. Values of infe less than zero indicate an error.

call pvmfkill( tid, info)

This routine kills a PVM task identified by ud. Values of info less than zero indicate an
€ITOr

call pvmfspawn( pname,flag, where,ntask,tids,numt )

This routine starts up ntask instances of a single process named pname on the virtual
machine. Here are the definition of the other arguments:

e Option Value Meaning
PVMDEFAULT (0) PVM can choose any machine to start task
PVMHOST (1) where specifies a particular host
PVMARCH (2) where specifies a type of architecture
PVMDEBUG (4) start up processes under debugger
PVMTRACE (8) processes will generate PVM trace data
where is where you want to start the PVM process. If fiag is O, where is ignored.
tids contains identification numbers of PVM processes started by this routine.
oot indicates how many processors started; negative values indicate an error.

Note You should always check uds and mune to make sure all pro-
cesses started correctly.

12
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Configuration

?

Message
Buffers

This is not implemented
? in PVM v3.2,

Packing and
Unpacking

PVM Library

call pvmfparent ( tid )

This routine returns the td of the process that spawned this task. If the calling process
was not created with pvimtspawn, then id=PvmNoParent.

call pvmfaddhost( host, info )

call pvmfdelhost( host, info )
These routines add and delete hosts to the virtual machine respectively. Values of info
less than zero indicate an error.

Note Both routines are expensive operations that require the syn-
chronization of the virtual machine.

call pvmfinitsend( encoding, bufid )
This routine clears the send buffer, and creates a new one for packing a new message.

encodi
e Encoding Value Meaning
PVMDEFAULT (0) XDR encoding if virtual machine config-
uration is heterogeneous
PVMRAW (1) no encoding is done. Messages are sent in

their original format.

\ PVMINPLACE (2) data left in place. Buffer only contains

sizes and pointers to the sent items.

bufid contains the message buffer identifier. Values less than zero indicate an error.

call pvmffreebuf( bufid, info)

This routine disposes the buffer with identifier buid. You use it after a message has been
sent, and is no longer needed. Values of info less than zero indicate an error.

call pvifpack( what, xp, nitem, stride, info )

call pymfunpack( what, xp, nitem, stride, info )

These routines pack/unpack your message xp, which can be a number or a string. You
can call these routines multiple times to pack/unpack a single message. Thus a message
can contain several arrays, each with a different data type.

13



Sending and

Receiving

PVM Llibrary

Note There is no limit to the complexity of the packed messages,
but you must unpack them exactly as they were packed.

what indicates what type of data xp is
STRING (0) REAL (4)
BYTE! (1) COMPLEXS (5)
INTEGER2 (2) REALS (6)
INTEGERA4 (3) COMPLEX16 (7)
nitem is number of items in the pack/unpack. If xp is a vector of 5, nitem is 5.
stride is the stride to use when packing.
info is status code returned by this routine. Values less than zero indicate an error.

call pvmfsend( tid, msgtag, info )

This routine labels the message with an integer identifier msgtag, and sends it immedi-
ately to the process tid. Values of info less than zero indicate an error.

call pvmfmecast( ntask, tids, msgtag, info )

This routine labels the message with an integer identifier msgtag, and broadcasts the mes-
sage to all ntask number of tasks specified in the integer array tids. Values of info less than
zero indicate an error.

call pvifrecv( tid, msgtag, bufid )

This routine blocks the fliow of your program until a message with label nsgtag has
arrived from ud. A value of -1 in mesgtag or tid matches anything (wildcard). This routine
creates a new active receive buffer, and puts the message in it. Values of bufid identify
the newly created buffer; values less than zero indicate an error.

call pvmfnrecv( tid, msgtag, bufid )

This routine performs in the same way as pvifreev, except that it does not block the flow
of your program. If the requested message has not arrived, this routine returns bufid=0.
This routine can be called multiple times for the same message to check if it has arrived,
while performing useful work between calls. When no more useful work can be per-
formed, the blocking receive pvmireev can be used for the same message.

call pvmfprobe( tid, msgtag, bufid )
This routine checks if a message has arrived; however, it does not receive the message.
If the requested message has not arrived, this routine returns bufid=0. This routine can

14



PVM Library

be called multiple times for the same message to check if it has arrived, while perform-
ing useful work between calls.

call pvmfbufinfo (bufid, bytes, msgtag, tid, info)

This routine returns information about the message in the buffer identified by bufid. The
information returned is the actual msgtag, source dd, and message length in bytes. Values
of info less than zero indicate an error.

15
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Tutorial

Tutorial

This chapter shows you how PVM may be applied to your application
programs through a simple example. The example chosen is the Golden
Section rule for finding the maximum of a function. You may remember
it from Math class in high school. Let us review the method and the algo-
rithm.

Suppose we want to find the maximum of a curve y=f(x); where x is
between the interval a; and a,. The points a, and a, are symmetrically

placed in this interval, so that
a=(l-0)a, +aa, (EQD
=02 +(1-a)a, (EQ2)

See Figure 1 at left. Golden Section rule requires o to be 0.382.

The algorithm of finding the maximum is as follow;

If f(a,) < f(a;) If f(a,) > f(a;)
I Consider new interval (a;,a,) I Consider new interval (as,a;)
2 Apply EQ.(1) and (2) again 2 Apply EQ. (1) and (2) again
3 Until maximum is reached 3 Until maximum is reached

If f(a3)=f(a,), the maximum is found

The FORTRAN program (Serial Program) on the opposite page is the
Golden Section rule that a programmer would write on a normal serial
computer. Please spend a few minutes to study the flow of the program.
This simple program consists of two parts, the main (calling) program
and the function subroutine. The latter has only four lines.

Note Notice that for each interval (a,,a,), we need to call the
function evaluation four times to find f(a,), f(a,), f(a,), and

f(a,).

16
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Serial c
Program c
c

Cc

C

Golden Section rule ——»
c
c
10
c
c

Equations (1) and ()=,

999

Function evaluation {

Linear optimization:
Search for maximum of a x-y curve.
DIMENSION A(4),FN(4)

Initial interval
L=20

TOL = 1.E-3

A(l) = 0.4

A(2) = 1.6
ALPHA = 0.382

CONTINUE

Loop begins:
L=L+1

A(3) = (1.-ALPHA)*A(1) + ALPHA*A(2)
A(4) = ALPHA*A(1l) + (1.-ALPHA)*A(2)
FN(1) = F(A(1))

FN(2) = F(A(2))

FN(3) = F(A(3))

FN(4) = F(A(4))

WRITE(10,*) 'A ',A(l),A(2),A(3),A(4)
WRITE(10,*) 'F ',FN(1),FN(2),FN(3),FN(4)
WRITE(10,%*) ' '

ERR = ABS(FN(2)-FN(3))

IF(ERR.LE.TOL) GOTO 999

IF(FN(4) .GT. FN(3)) THEN
Bl = A(3) -
B2 = A(2)

A(1l) = Bl
A(2) = B2 =
GOTO 10

ELSEIF(FN(4) .LT. FN(3)) THEN
Bl = A(1) -
B2 = A(4)

A(l) = Bl
A(2) = B2 -
GOTO 10

ENDIF

CONTINUE

STOP

END

If f(aq) > f(a3)

If f(a4) < f(a3)

FUNCTION F(X)
F = TANH(X)/(1.+X*X)
RETURN

END

Four function evaluations

17



PVM Master

Guideline

Tutorial

Recall that in the procedure of finding a new interval, the program calls
the function evaluation four times serially to get f(a,), f(a,), f(a3), and
f(a,). We would like to assign four processors to perform the four func-
tion evaluations simultaneously on the virtual machine. Therefore, we
modify the Serial Program by writing the main (calling) program as a
Master program, and the function subroutine as a Slave program.

The following steps are general guidelines to writing a Master program.
Please study the steps, and compare them with the program on the oppo-
site page. Also compare it with the Serial Program.

1. Include fpym3.h

Include this file in your program, you are able to use the PVM
preset variables; such as pvMperauLT, REAL4, and more, men-
tioned in Chapter 4 and the Appendix.

2, Enroll Master to PVM
Use pvmfmytid(mytid) to enroll.

3. Assign virtual processors

Use the following call to spawn nproc function processes.
pvimfspawn (pname, PVMDFAULT, where, nproc, tids,numt)

Also tell PVM the name of the Slave program (pname). PVM
retumns tids, the identifier of the nproc processors.

4, Initialize buffer and pack data
Use pvmfinitsend to clear buffer.

Use the following routine to pack a real array a of dimension m.
pvnfpack (REAL4 ,A,m,1,info) '

S. Send message

Use the following call to send the packed message to the Slave

process identified by tids.
pvmfmcast{nproc, tids,msgtag, info)

18
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M C Linear optimization:
aSter c Search for maximum of a x-y curve.
PROGRAM MASTER
Program c
C
include '../include/fpvm3.h'
/ DIMENSION A(4),FN(4)
1 integer tids(0:32),who

character*8 where
character*12 pname

2
\Enroll this program in PVM
call pvmfmytid(mytid)
c Start up the four processors
3 3§Z:§ : “1*‘ Assign four processors
3,
\ pname = ' function’ Slave program’s name
call pvmfspawn (pname, PVMDFAULT,where,nproc,tids,numt)
do 20 i=0,nproc-1
write(*,*) 'tid', 1, tids(i)
20 continue
C
C Initial interval
L=20
A(l) = 0.4
A(2) = 1.6
ALPHA = 0.382
TOL = 1.E-3
ERR = 1.
C
10 CONTINUE
C
- C
C Loop begins:
L=L+1
. —p A(3) = (1.-ALPHA)*A(1l) + ALPHA*A(2)
Equations (1) and (2)— 3, A(4) = ALPHA*A(1) + (1.-ALPHA)*A(2)
c
c Broadcast data to all node programs
c first pack them, then send them
call pvmfinitsend(PVMDEFAULT, info)
call pvmfpack(INTEGER4 ,nproc,1,1,info)
4 call pvmfpack(INTEGER4,tids,nproc,1,info)
Pack nproc, tids, A, call pvmfpack(REAL4,A,4,1,1info)
and ERR call pvmfpack(REAL4,ERR,1,1,1info)
c
c
S5 msgtype = 1

11 f t tid t inf
msgtype value matches the one call pvmimcast(nproc,tids,msgtype,info)

received in Slave program

19
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Wait until messages come from Slaves

Use pvmtrecv() to block until Slaves return function values.
Make sure value of msgtype matches values coming from Slaves.

Receive and Unpack data
The sequence of unpacking is the same as the packing in the
Slave.

Exit PVM
Use pvmfexit(info) to exit PVM.




6

msgtype value matches the
one sent from Slave program

7

Receive /unpack FN and ‘who’
from the 4 processors one by one

Tutorial

100

999

Wait for results from processors

msgtype = 2
do 100 i=1,nproc

call pvmfrecv(-1,msgtype,info)

call pvmfunpack(INTEGER4,who,1,1,info)
~ call pvmfunpack(REAL4,FN(who),1,1,info)
continue

WRITE(10,*) 'A ',A(1),A(2),A(3),A(4)
WRITE(10,*) 'F ',FN(1),FN(2),FN(3),FN(4)
WRITE(10,*) ' '

ERR = ABS(FN(2)-FN(3))

IF(ERR.LE.TOL) GOTO 999

IF(FN(4) .GT. FN(3)) THEN
Bl = A(3)
B2 = A(2)
A(l) = Bl
A(2) = B2
GOTO 10
ELSEIF(FN(4) .LT. FN(3)) THEN
Bl = A(1)
B2 = A(4)
A(1) = Bl
A(2) = B2
GOTO 10
ENDIF

Program finished leave PVM before exiting
continue

call pvmfexit(info)

STOP

END
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Guideline

Tutorial

The Slave program is basically the function evaluation program. In order
to do the function evaluation, it needs information from Master. For
example, it needs the identity numbers (tids(1), ..., tids(4)) that PVM
assigns, and the values of a,,...,a,.

The following steps are general guidelines to writing a Slave program.
Please study the steps, and compare them with the program on the oppo-
site page. Also try to find the connection with the Master Program. You
may find Figure 1 helpful.

1. Include fpym3.h

Include this file in your program, you are able to use the PVM
preset variable names; such as pvMDEFAULT, REAL4, and more,
mentioned in all tables in Chapter 4 and the Appendix.

2. Enroll Slave with PYM
Use pvmfmytid(mytid) to enroll.

3. Identify the parent of this process

Use the following call to obtain the task identifyer (mtia) of par-
ent process. This is useful for returning solutions to the Master.

pvefparent(mtid)
4, Receive and Unpack data

Make sure the value of msgtype matches the one from Master. The
sequence of unpacking is the same as the packing in Master.

5. Perform function evaluation

6. Initialize buffer and pack data
Use pvnfinitsend to clear buffer.
Use the following call to pack a real array r of dimension n.
pvmfpack (REAL4,F,n,1,info)

7. Send data
Use the following call to send the packed message to Master:
pvmfsend(mtid,magtag, info)

8. Exit PYM
Use pvmfexit(info) to exit PVM.
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Slave © program function
Program .

include '../include/fpvm3.h'

/ integer tids(0:32),who

1 real a(32)
tor = 1.e-3

c Enroll this program in PVM
2 call pvmfmytid(mytid)

c Get the parent's task id
3 call pvmfparent(mtid)

- 3 continue

c Receive data from host
msgtype = 1
call pvmfrecv(mtid,msgtype,info}
4 call pvmfunpack(INTEGER4,nproc,1,1,info)
call pvmfunpack(INTEGER4,tids,nproc,1,info)
Unpack the same way as call pvmfunpack(REAL4 ,A,4,1,info)
Master sends call pvmfunpack(REAL4,ERR,1,1,info)

if(err.le.tor) go to 99

c Determine which processor I am
do 5 i=0,nproc-1
if(tids(i).eq.mytid) me = i
5 continue
who = me + 1

Functio'n
evaluation c r Calculate the function
5 X = A(who)
L f = TANH(X)/(1.+X*X)

c
Pack f and ¢
processor ‘who’ € F=Send the result to Master
6 call pvmfinitsend(PVMDEFAULT, info)
call pvmfpack(INTEGER4,who,1,1,info)
__call pvmfpack(REAL4,f,1,1,info)
msgtype = 2

7 call pvmfsend(mtid,msgtype,info)
- - o to 3
Go to 3 and wait for c g
another call from master c Program finished. Leave PVM before exiting
929 continue
8 call pvmfexit(info)
stop
end
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After you finish your program, it is time to compile and run. Follow the

Comp ilation steps below to compile your programs.

and Runnin
g Make sure you have the correct directory setup

Follow the advice from Directory Setup in Chapter 1.

2. Compile the program
Use the sample Makefile on the opposite page to compile your
programs.

? Note The Makefile links the PVM library, 1ibfpvm3.a.

3. Copy executables to all the hosts

Follow the advice from Directory Setup in Chapter 1, and distrib-
ute the executables to $HOME/pvm3/bin/ARCH.

4, Activate PYM
Activate PVM by entering pvm at UNIX prompt.

s. Decide the configuration of the virtual machine
Add or delete hosts to the virtual machine. (Chapter 3)

6. Quit PVM console

Leave PVM console (don’t halt daemon) by entering quit at the
pvm prompt.




Makefile

PVM Library

Make appropriate changes /
for your own path

Tutorlial

%
§ Cugtom section ) ,
# Set PVM_ARCH to your architecture type (SUN4, HP9K, RS6K, # SGI,

etc.)
# if PVM_ARCH = BSD386 then set ARCHLIB = -lrpc
$§ 1f PVM_ARCH = SGI then set ARCHLIB = -lsun
# 1f PVM_ARCH = 1860 then set ARCHLIB = -lrpc -lsocket
$§ if PVM_ARCH = IPSC2 then set ARCHLIB = -lrpc -1socket
# otherwise leave ARCHLIB blank
#
# PVM_ARCH and ARCHLIB are set for you if you use 'aimk'.
#
PVM_ARCH = 8GI
ARCHLIB - -lsun
# END of custom section - leave this line here
4
PVMDIR = /amd/fs02/pub/iris4d_irix4/nas/pkg/pvm3.2
PVMLIB = $ (PVMDIR)/1ib/$ (PVM_ARCH)/libpvm3.a
SDIR = . .
BDIR = /u/wk /cheung/pvm3/bin
XDIR - $(BDIR)/$ (PVM_ARCH)
CFLAGS = -g -I../include
LIBS = $(PVMLIB) $(ARCHLIB)
F77 - £77
FFLAGS = -g
FLIBS = $ (PVMDIR)/1ib/$ (PVM_ARCH)/1ibfpym3.a $(LIBS)
default: master function
$(XDIR):
- mkdir $(BDIR)
- mkdir $(XDIR)
clean:

rm -f *.0 bfgs quadfunct

master: $(SDIR)/master.f $(XDIR})
$(F77) $(FFLAGS) -o master $(SDIR)/master.f $(FLIBS)
mv master $(XDIR)

function: $(SDIR)/function.f $(XDIR)
$(F77) $(FFLAGS) -o function $(SDIR)/function.f $(FLIBS)
mv function $(XDIR)
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Problems and Tips

Problems and Tips

PVM is a relatively new piece of software. It is not advanced enough to
wam you ahead of time before problems come. Here are a couple of
cases that you may encounter as a beginner.

Can’t activate PVM ‘*

. If the message you get, after entering pvm at UNIX prompt, is
libpvm [pid-1}: Console: Can’t start pomd,
itis possible that the last time you halted PVM daemon, the daemon
created a residual file /tmp/pvmd.xxxx; where xxxx is an unique
number for you. Delete this file, and start PVM again.

. If the daemon is running but the PVM console will not start,
it is possible that you have too many processes running. You have
to kill all the processes before you re-activate PVM console.

Note Useps -ef | username at UNIX prompt to locate your run-
ning processes.

Can’t add hosts ‘*

It is possible that there are no links between your local computer and the
other hosts. Check the following two things:

. Make sure each of youf hosts has a .rhosts file in the snome direc-
tory, and this file points to your local computer.

*  Make sure the . rhosts file is “read” and “write” protected from oth-
€rs users.




Host
File

?

Problems and Tips

You can create the following file to build the virtual machine without

activating the PVM console. The addresses must be recognizable by your

system.

computerl .address

computer2.address host file
computer3.address

computer4 .address

Note The first machine listed must be the initiating host.

Note If tasks are to be spawned on specfic systems, the system
name contained in where ( routing pvmtspawn) must match the
name in the host file exactly.

Note If spawning tasks are on the initiating host, use the truncated
host name. For example, if the full address is
win2l10.nas.nasa.gov;
use win210 instead. This is a bug in PVM v3.2.

Having the host file ready, enter the following at UNIX prompt,

win210> pvimd3 host
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Problems and Tips

Place to jot down problems.
If encounter problems, please contact:
Merritt Smith: mhsmith@nas.nasa.gov

or

Samson Cheung: cheung@nas.nasa.gov




Appendix

Appendix

TABLE 1. ARCH names used in PYM.

ARCH Machine Note
AFX8 Alliant FX 8
ALPHA DEC Alpha ~ DEC OSF-1
BAL Sequent Balance DYNIX
BFLY BBN Butterfly TC2000
BSD386 80386/486 Unix box BSDI
CcM2 Thanking Machines CM2 Sun front-end
CM5 Thanking Machines CM5
CNVX Convex C-series
CNVXN Convex C-series native mode
CRAY C-90, YMP, Cray-2 UNICOS
CRAYSMP Cray S-MP
DGAV Data General Aviion )
HP300 HP-9000 model 300 HPUX
HPPA HP-9000 PA-RISC
1860 Intel iPSC/860 link-lprc
IPSC2 Intel iPSC/860 host SysV
KSR1 Kendall Square KSR-1 OSF-1
NEXT NeXT
PGON Intel Paragon link -lprc
PMAX DECstation 3100,5100 Ultrix
RS6K IBM/RS6000 AIX
RT IBMRT
SGI Silicon Graphics IRIS link -Isun
SUN3 Sun 3 SunOS
SUN4 Sun 4, SPARCstation
SYMM Sequent Symmetry
TITN Staedent Titan
UVAX DEC Micro VAX

29



Appendix

TABLE 2. Error codes returned by PVM routines

Error Code
PvmOK (0)
PvmBadParam (-2)
PvmMismatch (-3)
PvmNoData (-5)
PvmNoHost (-6)
PvmNoFile (-7)
PvmNoMem (-10)
PvmBadMsg (-12)
PvnSysErr (-14)
PvmNoBuf (-15)
PvmNoSuchBuf (-16)
PvmNukkGroup (-17)
PvmDupGroup (-18)
PvmNoGroup (-19)
PvmNotinGroup (-20)
PvmNolnst (-21)
PvmHostFail (-22)
PvmNoParent (-23)
PvmNolmpl (-24)
PvmDSysErr (-25)
PvmBadVersion (-26)
PvinOutOfRes (-27)
PvmDupHost (-28)
PvmCantStart (-29)
PvmAlready (-30)
PvmNoTask (-31)
PvmNoEntry (-32)
PvmDupEntry (-33)

Meaning

All right

Bad parameter

Barrier count mismatch

Read past end of buffer

No such host

No such executable

Can't get memory

Can’t decode received massage
Pvmd not responding

No current buffer

Bad message identifyer

Null group name is illegal
Already in group

No group with that name

Not in group

No such instance in group
Host failed

No parent task

Function not implemented
Pvmd system error
Pvind-pvmd protocol mismatch
Out of resources

Host already configurated

Fail to execute new slave pvmd
Slave pvmd already running
Task does not exist

No such (group,instance)
(Group,instance) already exists
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